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ABSTRACT 



Set-top tenninals utilized in broadband broadcast networks 
are becoming increasingly intelligent Upgrading the opera- 
tion of such terrninals periodically requites upgrading the 
software, particularly the operating system, of the program- 
mable processor which controls the terminal operation. To 
facilitate frequent upgrades, die network will carry a cyclic 
broadcast of a packkized data file containing the operating 
system. Periodically, a terminal will capture and store the 
broadcast operating system. In the preferred embodiment, 
the broadcast includes operating system files for a number of 
different tenninal types and data identifying the current 
broadcast version of Che operating system for each type of 
tenninaL The terminal will check the broadcast version 
number for its leiminai type operating system. If the broad- 
cast version number differs from the version number for the 
operating system the tenninal currently is running, then the 
terminal will capture only the file containing the operating 
system for the canesponding tenninal type. 

45 Claims^ 9 Drawing Sheets 
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DOWNLOADING OPERATING SYSTEM structure does provide enhanced capahiiitics, such as video 

SOFTWARE THROUGH A BROADCAST games and home shopping, the display functionality con- 

CHANNEL trolled by ifae downloaded software is limited to con^to- 

displays generated in response to the software, there is no 

CROSS REFERENCE TO REUVTED 5 direct interaction of the received software with any video 

APPUCAnON program carried on Ihc cable network. The downloaded 

^. . ^ ^ . T « software docs not control further interactions with the stor- 

This ^hcation is a ContmuaUon-In-Part of U.S. patent age center. Also, die video transmissions on the cable system 

vacation Scr. No. 08/380,755 fUcd Jan, 3 L 1995 ^ch is are analog, and a sepanic telephone connection is required 

a Continuation-In-Part of U.S. patent application Ser. No. for selection inputs to the central storage facility. 

08/250,791 filed May 27, 1994, the disclosures of both of Furthermore, the terminal device qjparently can receive 

which are inocaporated herein entirely by reference. software from the stcrage center of only one service pro- 

vider. 

TECHNICAL FIELD ^ systems do permit downloading into the 

The present invention relates to a programmable set-top 15 televisioo decoder itself, however, it is believed that 

terminal typically comprising a network interface module downloading of information into the decoder has been 

(NIM) and a digital cnlatainmcnt terminal (DET), for use in to infonnation controlling the decoding of the tde- 

digital video program distribution networks and to systems program signals, e.g, a key word used in a descram- 

and methods for dynamically downloading operations sys- algoiithm. Dufresne et aL, in U.S. Pat. No. 4,623,920 

tem software to such a terminal. 20 * specific scheme for addressing data transmissions 

over a cable television network to groups of terminals or to 

Background Art individual terminals. The addressed data sent from the head 

a . ^ . 1 . ^ , end can include an option table of signals for controUine 

Set top terminal devices coimnonly in use in cable telts descrambling of avaflable television programs, data to 

>asionsysteinstodayhaveanumberofliinitations.First,the enable operation of a cable TV converter, ot software for 

r?."*"^^,^ processing of analog television sig- opmting a peripheral microcomputer separate from the 

nals. Abo, cable television terminal devices are generally caWc television terminal device. The Dufresne et al. termi- 

dumb devices having a Umited set of functionaUtics nal is limited to reception of data from only one service 

constramed by the hard wired jHogramming of the internal provider, i.e. the provider operating the cable TV network, 

micro^ffoccssa controlled devfc^^ Also, the services provided through the terminal arc limited 

viaon termind devices respond to a sel^^^ that the downloaded data q»arently does not altar or 

subscriber, tunc to a selected channel available on the cable control the terminal functionality for further int«ctions 

television network, decode tiie video program material if with the provider through the n^crk. 

A 35 netwoks have been proposed for offering subscribas an 

Enhanced cable television terminals provide some addi- array of video senices, such as Video On Demand. The 

tional features, sudi as gr^ihics overlay c^ability and two foUowing U^. Pat Nos. disclose rqwcsentative examples of 

way commumcation of control signalling to and from hca- such digital video distributions networks: 5053,275 to Yiirt 

dead terminal devices. Although such imiMoved tcrmuals et aL, 5,132,992 to Yurt et aL, 5,133,079 to Balianlyne et al., 
fadlitate some enhanced services, sudi as home shopping 40 5,L30,792 to llndeU et aL, 5,057,932 to Lang, 4,963,995 to 

and purchasing, die pcrformanoe of diese cable television Lang, 4,949.187 to Cohen, 5,027,400 to Baji aL, and 

set-top terminals is stiU limited to analog decoding. Also Ac 4.506387 to Walter. The terminal devices in these digital 

ranged services is stiU limited by the hard wired capabili- networks arc still limited functionality devices. In ttiese 

ties of die microprocess<tf within the set-top terminal networks, the digital terminal devices still only receive 

45 selection inputs, transmit selection signals upstream Co the 
I^oposals have been made to download conqiuter execut- source of the video materials, receive downstream video 
able code over cable television networks. In particular, U.S. transmissions, decon^cess the digitized video materials and 
Pat Nos. 5,051,822 and 5,181,107 bodi to Rhoades disclose convert to analog form, and provide qspropriate signals to a 
a tominal device conoectable to a cable television netw<nk television receiver. One C3uuiq)le of such a digital video 
and a tel^one line. A subscriber requests a video game or 50 distribution network and the terminal device for such a 
other software st»ed in a remotely located software storage network, disclosed in Litteral et al. Pat No. 5,247347, will 
center by operating the terminal to establish a bi-directional ^ described in mxt detail below, 
telephone link with the remote storage center. The center U.S. Pat No. 5,247347 to Litteral et aL discloses an 
transmits the encoded software program togcttier widi Ac enhanced public switched telephone network which also 
terminal identification code as a digital bit stream over a 33 provides a video on deoiand service to subscribers over the 
television broadcast channel. The terminal requesting the public switched telephone network. A menu of video pro- 
software monitors all digital bit streams on the broadcast gramming infonnation is displayed at the subscriber's pre- 
diannel but receives only the software program addressed to niises by a set-top tenninal and a TV set The subscriber may 
it i,e. only after Identification code validation occurs. Once transmit ordering information via the public switched tde- 
reception of all the software dau is complete, the terminal 60 l^one network to the independent video information pro- 
acknowledges receipt to die remote storage center and drops viders. Video programming may be accessed and transmit- 
thc telephone line. The encoded software program is ted to the subscriber directly ftom a video infonnation 
decoded, and the tearminal provides a display informing the provider (VIP) or dirough a video buffer located at a central 
subscriber tfiat die game or other program is ready for use. office (CX)) serving the subscriber. 
The terminal also offers the subscriber the means to interact 65 Connectivity between die central office and the subscriber 
witfi the software, e.g. play die game, using contemporary for transmission of video data is provided by an asymmctri- 
gaming control or input devices. While the Rhoades terminal cal digital subscriber line (ADSL) system. ADSL interface 
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unUsatthcccntralofficcimiltiplcxdigilalv^^ cast. Such downloaded software consisted ^ ^^^^^ 

wish voice infonnation to be transmitted to the subscribar aRjIications intended for wide general availatehty. The 

and support two-way transmission between the subscribcr-s digital type sct-top devices re^vmg sue* software w« 

lineandtheX^5packctdatanetworkofoneormarccontrdl intended as open interface devices to which any provider 

channels. A coiMimentary ADSL interface unit at the 5 offering sudi a download service could download the rel- 

subscriber's premises separates downstream video control evant data and executable code. 

signals and voice telephone signals from the line and mul- An operating system includes prog ramming to control 

tq)lcxcs upstream control signals and voice telephone sig- internal <^>erations of the control processor, such as ttiose 

nals onto the line. The ADSL interface on Che subscribcT necessary to execute specific types of communications over 

premises supplies the laroadband digital data stream rccov- lo the network, graphics drivers, etc. The operating system 

cred from the transmission over the subscriber loop to a tyincaUy allows the set-top to run a varirty of downloaded 

decoder unit in &e set-t<^ tenninaL The decoder unit ^Ucatioas programs, preferably made available by a numr 

decompresses the audio and video data, and converts the i)cr of service j^ovldcrs. It is dcsiraWe to periodically update 

digital audio and video to corresponding analog signals. The the operating system software, as iiiq)rovements arc 

decoder can supply baseband analog audio and video signals 15 developed, without having a tec hni cia n manually service 

to a television receiver, or these analog signals can be each terminaL The downloading of an operating system 

modulated to a standard television channel frequency for use program for running the terminal device raises a more 

by the television icccivcr. complicated set of problems relating to who can download 

The above detailed discussion of the Utteral e« at system such software to whidi types of terminals, 

shows that prior art digital distribution networks offer 20 Access to the ability to modify the operating system must 

enhanced video services, but the terminal device function- be carefully controlled. If access were open, an unscrupu- 

ality is still limited to program selection, decoding and Iqus party could write a destructive operating system, e.g. 

(iisplay. that would allow the tenninal to access only one provider' s 

A number <rf suggestions have been naade in the press services or that might cause the tenninal to begin up^re^ 

regarding arrays of diflferent services which wiU become ^ transmissions in some manner which would disrupt 

available toougji broadband digital netwwks now populariy upstream transmissions of other terminals. The downloaded 

referred to as the information Super Higbway^ ff a differ- opaating system would need to correspond to the particuUr 

cntVIPweK! tooffcradiffcreot service, the VIPcanlimitdie type of set-top tenninal to insure compatibiUty. Also, the 

service to an interactivity with the subscriber essentially ^ downloading of fee operating system nwst be particulariy 

cocrespondhig to the functioaaUty availaWe in the tenninal ^ error free to Insure Uiat errant reception and ovcrwnting of 

device. This w^adi- however, limits the functional capa- operation system software docs not in some canipt <x 

bilities toe new VIP may choose for the different service. disable terminal operation. 

Alternatively^ the subscriber nuist buy another terminal a need tiKreforc still exists to reliably and securely 

device programmed or wired to functicm in accord wife fee download (^)cratLng system software to toe digital set-Cop 

VIFs new service. This second approach, however, forces terminal torough a widely accessible broadcast channel, 

toe subscriber to purchase and connect up a different tcnni- T>w^/Y^imF OF Tlffi INVENTION 

nal device for each different service subscribed to. DISCLOSURE OFTHE INVKNUUW 

From toe above discussion it becomes dear that a need The present invention addresses toe above noted needs by 
exists in toe art for set-top terminal devices which process ^ providing methods, systems and terminal device structures 
compressed, broadband digital audio/video information and for downloading c^teradng system software to program- 
are readily adaptable to perform a variety of related mable set-top tcradnal devices through digital broadcast 
functionalities, as needed to facilitate a range cdT audio/video cfaaimels. 

and interactive services offered by a large number of infor- jq qi^q aspect, the Invention contemplates a set-top ter- 

mation providers. 45 ntinal device to which new operating system software can be 

In toe OS/250,791 grandparent ^)plication cited above, it downloaded through one of the broadcast channels. The 

was suggested tiiat software could be downloaded into toe terminal device includes a network interface module. This 

digital set-top terminal through a point-to-point connection module ooiq)les toe terminal to a communication network, 

torou^ a digital broadband network, e.g. similar to tiiat of Fiom toe network, toe interface module receives at least 

littccal ct aL As disclosed tocreio, the software included at 30 selected ones of a plurality of broadcast digital broadband 

least customized qyplications programs for controlling ter- channels. One or more of toe broadcast channels carries 

tnlnal operation in a manner specified by an individual audioMdeo program infonnation in conqvessed, digital 

infonnation provider; B was also suggested toat at least one form in packeU of a standardized fbnnat. Also, one of toe 

party would operate a server to download operations system broadcast channels carries cydically repetitive trananis- 

iq)gradcs through apoint-to-poim connection. Point-to-poixit 55 sions of the operating system software in packets of toe 

connections through broadband digital networks are rdar standardized format 

tively expensive, and some digital networks under develop- The set-top tenninal also includes a digital entcrtainineiit 

ment will have broadcast channels, but at least initially, will terminaL The digital entertainment terminal includes an 

not offer point-to-point coimections. The disclosure in toe audio/video processor for processing toe compressed, digital 

08/250,791 n^lication did not address problems of down- ^ audio/video program infonnation from a selected broadcast 

loading softvvw to terminals through digital broadcast chaimel. The digital entertainmeot terminal also includes a 

n^orks. memory and a remote control or the like for supplying inputs 

In toe 08/380,755 parent application dted above, it was from a user to the digital entertainment tominal. A control 

suggested tiiat software. spedficaUy software related to processor captures die operating system software from one 

channel mapping ftmctioaalities and navigation ttirough 65 of toe selected digital broadband channels. The control 

broadcast serwccs. could be downloaded into toe digital processor loads toe captured operating system software into 

sct-top terminal ttuough a data carousel type cyclical broads toe memory and begins operation in accord wito toe oper- 
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ating system software. For example, using tbt openling The present invention may be utilized on a variety of 
sy«em software in fte memory, Ifae control processor con- different types of broadcast networks, particularly diose 
trols die network interfece module and (he audioMdeo carrying digitized and compressed broadcast ccoBammins. 

''rr !!2?*TJ*^TT**' . Scvad networks «e dXand a jwfarJdiS^* 

Ano&« Mpect of &e invenbon ndates to a oommunica- 5 disclosed in detafl. The preferred digital network Includes a 
don system indudmg a network far bro«k»sting the chan- system of optical fibos to broad«Lg d,e digital pa^tet? 

discussed above. This system includes a source system tarmi.ai. i.^Vii-:>.i . • 1 / • ^ j . 

siTOlying prognun matoial and software for broadcast If^T^' 5^ 

program source supplying a broadband program agnal and 

a software server cyclically ou^tting a data file containing Additional object&, advantages and novel features of die 
an operating system. An encoder system packetizcs die uivention will be set forth in part in the description which 
broadband program signal and die data file in digital pack^ follows, and in part will become aj^arent to those skilled in 
of the standard f onmat the ait upon examination of the following or may be learned 

In the preferred inq>lementat]on, die encoder processes ^ practice of die invention. The objects and advantages of 
analog audloMdeo signals to digitize, compress and pack- f^^ invention may be realized and attained by means of tbt 
etize die program information in accord widi the moving instrumentalities and combinations particuJaily pointed out 
pictures expert group (MPEG) standard. The prcfcned net- ^ *® appended claims. 

work utilizes Asynchronous TYansfcr Mode (ATM) trans- „ gR,™ DESCRIPnON HR np awtntpq 

port. The encoder system Aerefcrc inchides an ATM mul- ^ DESCRIPnON OF DRAWINGS 

tiplexcr for adapting die MPEG packets into AIM cells and FIG. 1 illustrates a digital broadcast system utilizing die 
combining ATM cells from one or more programs togedier operating system download of the present invention, 
widi ATM cells containing die operatiiig system into a FIG. 2 shows a software server, program sources and an 
stream f<a- transport dirough the ATM broadcast network. ^ encoder system used in die network of RG 1. 

As digital networks develop and remain in wide use over FIG. 3 illustrates an exemplary structure of an MPEG H 
a period of time, the set-top terminal device will essentially type d ata packet 

^^Am^?^^"^ '^T^J^" equipment At such piG. 4 shows an oiemplary slnicfre of an ATM celL 

a time, different end users will obtain set-top terminals of cm e* -n j ■ ^ 

differenttypesfromanumberofdifferentproSdersandwiU 3^ MSSaStSlSi^^ 

connect different types of set-top temiinals to the same ^ MEM H packet into ATM cells. 

digital network. Different types of set^cp tenninais wiU ™ iUustratcs an eight-cell adaptation for m^ing 

utilize different operating systems. A further aspect of the two MPEG H packets into ATM cells. 

invention therefore relates to broadcasting a plurality of ^ illustrates a digital set-top tcrmlaal device in 

different operating systems for correspondingly different 35 ^^^^^ present invention. 

types of set-top terminals. Each type of set-top terminal will ^ shows a memory layout for the digital cntcrtain- 

identify the correct operating system from among the plu- terminal and an associated diagram of functions 

lallty broadcast and capture only that operating systcnt involved in memaiy management and software download- 

Another feature of the invention relates to identification of ing in accord widi the present invention, 
die need for a particular set-top terminal to upgrade its 40 PIGS. 8A and 8Btogedicr depict a block diagram of a fuU 
operating system. Specifically^ each <^ating system for a service digital broadband netw<»k in accord widi a prefcned 
particular type of set-top temtinal has a version number. The embodiment of the present invention, 
set-top terminal stores a version number for tiic operating FIG. 9 is a flow chart illustrating an excn^ary procedure 
system diat it currentiy is running, and die broadcast data for iq>grading die operating system of the set-top tenninal 
stream wiU inchide data identifying die version numba <tf 45 device using software downloaded dirough a broadcast 
die operating system being broadcast for the particular type channel, 
of terminaL The set-top terminal actually captures an oper- 
ating system firom die broadcast if die broadcast version ^^CT MODE FOR CARRYING OUT THE 
number is different (e.g. higher or lower) Uian the number of INVENTION 
die version diat terminal is cuircndy running. 30 In die digital tioadband networks of type under consid- 

In accord wiUi die present invention, die operating system eration hoc, each user has a set-top terminal device 100 
upgrade process can begin automaticaUy, or a user can (HG. 1). TTie sct-top device 100 inchides a digital entff- 
manually trigger die upgrade process. For automatic tainmcnt terminal (DET) 102 and a network interface mod- 
activation, a processor in die set-top temiinal will monitor ulc (NIM) 101. 

some periodic occurrence, such^^^^^ ,5 ^Uh die present invention die set-top terminal 100 

interval or cycles of turn-off by a user. For manual (preferably di^DET portion 102 tiiereof) r^ves and sto^ 
activjmc«,^usffnmycaUuparnenudispUybythesct-t<v downloaded operating system software and appHcationsoft- 
termmal and select die op^ting system upgrade from die ware. Tlie teriial itoL estabUsh a point^p^°£^Vo 
1 ^ interactive equipment operated by a video information p«>- 

AppUcaUons software can be downloaded to die set-top 60 vidcr (VIP) and receive interactive applications software 
via the network. The set-top may capture a desired applica- dirou^ die point to point link, as disclosed in die above 
Uon from a digital broadcast channel in a manner similar to incorporated 08/250791 appUcation. The key features erf die 
ftat used to acquire die new operating system. Alternatively, present invention, however, relate to downloading an opa- 
the usa- may establish a point-to-point broadband call to an ating system tiirough a broadcast channel, dicrefcre Ac 
mteractive service provider's system, in which case, die 65 foDowing desoiption concentrates on a broadcast type net- 
scnncc provider's system downloads an application to coo- work in^cmentation and downloading of die operating 
trol fimhcr interactivity via die point-to-point link. system dirough a broadcast channel 



05/12/2004, EAST Version: 1.4.1 



5,666,293 

7 8 

FIG. 1 is a high Icvd fimctiond diagram of a network e.g. to drive a standard tdcW^ 

providing digital broadcast saviccs, preferably using ATM video programimng. The NIM !♦! provides the actual 

ccU ttaospSt The prefcaed embodiment illustraied in physical connection to the network and tiic transport pioto- 

HGS. «A and 8B and discussed later utilizes end-to-end colproccssing (e.g. ArM).Thc DBF 102 performs the actual 

ATM tranqxHt, ic. with ATM cells for at least the down- 5 decoding to produce the ou^siit signals fr<xn the infonnation. 

stream broadband transmissions going all the way to the jhe DET 102 also includes the primary intelligent control 

set-top terminal devices 100. Other networks which may processor for ovemll control of the operation of the set-top 

carry the opcxatlng system download in accord with the tenninal 100. 

present invention, such as tiie hybrid^fibcr-coax netw^ ^ portion of the set-top device 100 indudes a 
shown in no. 4 of U.S. patent appUcalionScr. No. 08/304. n^^n-volatile random access memory (shown in detail in FIG. 
174, utilize ATM transport in a backbone pOTtion of Ac example consisting of electrically erasable program- 
network only and use some other transport technology for ^ mcmoiy (EEPROM) or flash memory. The 
local loop distribution to the subscriber's terminal device. „on.volatile RAM stores the operating system for the set-top 
The software downloading techniques of the i^csent mvcn- operating system defines the basic func- 
tion can be ^lied to other such digital broadcast networks. j3 tiQ^aUty of the sci^top 100. For exa^^)lc, the operating 
FIG 1 therefore provides a generic illustiation of the controls how the microprocessor of the DET 102 
broadcast network 15. As shown, the network 15 receives interprets application programs. The operating system 
digitized data streams, preferably in ATM cell format, from incudes the various driver routines permitting the micro- 
one OT marc sources 11 operated by one or more infonnation j^occsscr to operate the olher elements of tfic set-top 100. 
providers. In tiic later dismissed preferred embodiment local ^ operating system also includes the basic or 'residenf 
k>op distribution utilizes switching nodes referred to as host application under which the DOT operates when not running 
digital terminals (HDT's) whi<A transpOTt ATM ccU streams ^ downloaded plication. The resident application prrfcr- 
through to the relevant subscribers' set-top terminals 100. In ^^^^ emulates a cable televisi(m type program reception type 
some forms of the netwoik 15, local loop distribution nodes interface for the particular network to which the set-top 
may str^ off the ATM cell headers and convert the payload 25 190 connects 

data to some other J^-Jl^t^ One item steed in the aon-volatile memoir is a ch«mel 

subscriber terrmnals. In Ae P«feiiM «^bodliMnt^e locd that will carry the 

loopdistributionnetw«k«ippU^^^^^ ^atij system softwaST^amplec^^ 

broadcast to each set-top terminal ftomwhidi a sulv ^"^^^ p,,^ this v^ 

scriber requested the particular broadcast service. 30 partofthe initial tostallation procedure, using the keypad on 

Material intended f« broadcast tfuou^ tihc nctwok is ^ « the remote controUa (not shown). 

encoded ^^P^^^j^i^^ ^^^^"^ A party providing the operating system upgmde service 

or standard, sudhasDIGia^ type of 

mentsutilireMPEG(mo>dng^cnirw ^^on a^gSTdatos^^^ 

ing. Tl* «>urce system 11 includes o« or mo^P;j««^ 35 ^^^^A Ac?^^ the 

iH^auj uMiUMi c»r4, ae Axiui Stream may mcludc video, audio, data and executable oo<le. 

thTSwark 15. in accori WW. Ite prescitt 40 si»ts of a d*ta fik contauung new «p«ting«^^ 
invention, the source system U also includes a software Tht party seUing tlie srt-tops to the video infoimation 

oS^ice provider may^te a number of the sourt* 45 "^HT "^I^ ^^^^ '""^.i"^.^ 

^[SKJJtlleteJS^^ t^T'^ X^'^^^ 

tvDe service whereby a idurality of video information pro^ «Pd>tcs. If the networic operator docs not opmte its own 

KTJffsTsSe their own programiSng emx>dff system U for other purposes, the op«tor can make 

t^^i^^sS.uZ J^S^^ 50 arrangements with oneof the VIPs to supplyl^^ opoadng 

%IG^. sWe system 11 offi^a plu«S7of ^ ^""^ ^ » ^5^^°^ 

broadcast prowams from sources 13 and broadcasts soft- To provide the broadcast downloadmg. a VIP operates a 

ware for the downloading service. Other source systems software server, sudi as server U. TypicaUy, the server 12 

sudk as system 11' may be identical to system U and offer is a personal computer or the like whidi canq^Ues toe code 

both broadcast programming and software downloading, but 55 wd/ar data for transmission. For appUcations, such as fw 

most of the odier systems U' wiU offer only broadcast controlling navigation through the VIP's program services, 

programming. Source systems offering broadcast programs the computer compiles appUcation software and dau to be 

wiW^wiU be siinilar in structure and opaatioo to the system processed by that application software. Fw the operathjg 

11 discussed below in more detaQ with regard to FIG. Z but system upgrade service, oonaputcr compiles a data file 

Aose systems 11' will not include the software sava and the go containing the instructicms which form the vanous modules 

assod^ clemcntfs) of the encoda for processing the of the operating system. The con^HrtercycEcallyou^ts the 

software. relevant data in sequence. For the operating system 

In normal operation, the broadcast networic supplies at download, Ifae compirta repeatedly sequentially outputs the 

least a selected prop^am channel to the sct^op terminal 100. contents of the data file. 

The set-top terminal processes information from the selected 65 The server outwits the data file to die encoder system M. 

channel to produce signals capable of presenting informa- The encoder system processes the data and supplies fte 

tion from that channel to a user in humanly pcrcqptible form, twocessed data to the network 15 for broadcast along with 
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the encoded jaogram infocmatioo offered by die VIP from the DET proceeds witti die upgrade process. SpecificaUy. die 
toe source system 11. When necessary, die set-top selects the DET extracts toe broadcast operating system ftom toe trans- 
appropriate channel, e.g. channel 0. decodes toe data from post stream from the selected channel and stores tfiat new 
toe broadcast torough toe network and rcc^tures the opcr- version in RAM. When extraction is complete, the micro- 
ating system data file. In toe preferred embodiment the NIM 5 processor checks and confirms that toe extracted and stored 
Wl performs toe channel selection and conversion back to version is error free. If no errors arc found, toe microfiro- 
a data transport stream (c.g. MPEO packets) from toe cessor transfers toe version of toe operating system from 
physical layer protocol utilized on toe nctwwk (eg. ATM)- RAM to non-volatile memory, eflfcctivdy writing toe new 
The DET 102 in turn processes toe transport stream to version over toe old version in toe non-volatile memory. The 
capture toe data file. The DET lt2 toen utilizes toe data file lo microprocessor checks for errors in toe version now loaded 
to upgrade its stored operating system strftware. tonon-VQUtllememory,andifciTQrfree,toemicrcprDccssor 
In toe preferred inqikmentation, the channel 0 that carries reboots to begin running under toe new operating system, 
toe operating system upgrade files also carries nctw<Mk RG. 2 shows toe elements of toe source system 11 in 
program guide information. The network oSas 6 Mbits/s more dctaiL As shown, the source system includes six 
channels. In one example, channel • wiU carry toe operating 15 sources (U, to 13^) of baseband audioTvideo information, 
systCTtt data file at 1.5 Mbits and cany toe video and audio e.g. in NTSC signal format The encoder system 14 inchides 
packetizcd elementary streams for toe program guide service a conresponding number of real time encoders (RIBs) 25, to 
at a combined rate of 4.5 Mblts/s in a time division multi- 25^. Eadi RTE converts one baseband program signal into 
plexed transput stream at a combined rate of 6 MWis/s. digitized and compressed torn in accord wito toe selected 
The DET q>erating system upgrade of the present inven- ^ protocol The KFEs supply encoded infcnnation to an ATM 
tion can be initiated dtoer automatically or manually. The multiplexer 29, eitocr directly as shown for live or otocr 
DET 102 may automatically check toe time or number of real-time type broadcast services or through some form of 
power-oflf cycles since toe last upgrade, to trigger an opcr- storage device or server (not shown) for otocr types of 
ating system upgrade routine. Alternatively, toe user may broadcast and INfFV services. 

execute a spedfled sequence of keystrokes on toe rtmote ^ Jht encoder system also includes a data module 27 The 

operating system upgrade. Manual selection of toe operating softwart server 12 via an approniate data int<^ce, e g via 

^stem upgra^feature from toe menu would trigger execu- an Ethernet TTie date module 27 f<»mats toe data in toe same 

tion of toe software upgrade routine. typcofpacketsasproducedby toercaltimecncodas25, to 

Once mitialed, toe only difference in toe two procedures ^ 25^. IVeferably, toe data module 27 also constructs and 

is whetoer toe DET 102 provides on screen disfHays during inserts certain packets carrying information diat toe set-topa 

toe upgrade procedure. During a numually initiated IM need in order to find and decode copies of operating 

procedure, toe DET 102 will ou^t some form of "Please systems canied in toe packet stream. Because toe output 

Wait' message for display on toe screen of flic associated from toe software sctvct 12 cyclically repeats, toe resulting 

television scA 103, During an upgrade procedure autoroati- ^ sequence of packets ou^wt from tiie data module 27 also 

caUy initiated, e.g. after a powcr-<tf input by toe user, toe repeats. In an alternate embodiment, toe server and date 

DET win not generate any messages. module couid be combined, so toat toe operating system 

When initiated, toe DET 102 executes a normal channel software is stored in memory in MPEG packet form and 
selection appropriate to toe particular netwc^kto receive toe ^ cydically, repeatedly oulpuL The data module 27 supplies 

channel cauying toe software broadcasts. In the present toe pacd^ to another input of toe ATM mux 29. The ATM 

example, toe DET 102 instructs toe NIM 101 to select adapts toe packets from module 27 into ATM cells in 

diannel 0, and toe NIM alone or through interaction wito tiie same manner as f<v packets from toe real time encoders 

network elements selects toat broadcast channel, cq)tures 25^ to 25^ and multiplexes toe resultant cells into toe output 

toe transport stream toerefrom and passes tiiat stream to toe streamtogetoer wito toe cells carrying the encoded program 

digital signal processing circuitry within toe DET 102. infotmaticm. 

One of toe non-writable sections of toe memwy wifliin In toe preferred embodiments, toe program material rep- 
tile DEF stores an operating system upgrade routine. This resents a television type program or toe like in NTSC 
routine may be stored in ROM or in a sector (e.g. sector 0) fmnat The video information, accompanying audio infer- 
of a flash memory. Once the DET has selected and is 59 mation and certain related daU are encoded using a stan- 
receiving channel 0, toe DEF microprooessor calls and dardized digitization and conqiression technique, sudk as 
executes toe upgrade routine from memory. TTje upgrade DIGICIPHER™ or preferably MPEG (moving pictures 
routine includes information and instructions necessary to expert group). Topically, toese digital compression psx)tocols 
extract toe operating system information firom toe MFBO olso specify a standard packet data format, 
data stream. In toe preferred implementation, fee PTEs 25i to 25« and 

The niiaoproccssor of toe DET 102 will check toe toe data module 27 opmte in accord wito MPEG H A 
operating system version number canied on toe netwo^ for detailed discussion of toe standard may be found in Inter- 
toe particular type sei-top terminal, by conqiarlng data national Organisation for Standardization Organisation 
contained in one of toe packets from toe received iransp<»t Interationale de Normalisation, Xoding (^Moving Pictures 
stream to data stored in memoiy. If the version number for «> Associated Audio**, ISO/IBC JTC/SC29/WG11, CD 
toe operating system broadcast on die network is toe same KO/IBC 1-13818, February 1994, and a brief summwy of 
as toe version number <3i the operating system currentiy MPEO n processing follows. 

runniB« in toe DEri02, toen toe DET terminates toe MPEG is a bidirectional predictive coding compression 

up^ac process. system, utilizing discrete cosine transfcamation (DCT) pro- 

Howcver,if toe version number for toe operating system 65 cessing to digitize and cornpress video information. For 

broadcast on toe network differs from toe version number of video information, toe encoder will develop reference (D 

toe operating system currentiy running in toe DET 102, then frames, predictive (P) fiuoes and delta (B) frames. 
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The nunto of frames to be coded f« each I frame is set Periodically, the transport packet to^ 

in the standardized MPEG syntax, e.g. one refaence frame program wiU also Include a program reterence docic (FRUJ 

for eadi group of fifteen frames, or every half second A value wittiln the optional adurtatJon field. In a typical 6 

prediction Is made of the compositioo of a video frame. Mbits/s MFEO n encoding system, the PRC is present in 

termed a P frame, to be located a specific number of frames s approximately 10 out of evety 4000 video transport padcets. 

forward and before the next reference (D frame, ttils spedflc when Induded. the optioaal adqitadon field inchides a 

number also is set in the MPEG syntax. Information from section for miscellaneous flags, such as discontinuity 

pnnrious video frames as weQ as later video frames js used counter, private data flag. etc. One of the passible flags 

in formulating the prediction. "Delta" or "B frame" inf«- cjied in Ifais portion of the adaptaUon field is a program 

mationisdevelopedforcodingihevideoframesbetweentoe dock reference (PCR) flag. The ad«5)taliao field (AF) also 

actual and predicted frames, also by lo<*ing at frames in i^dudes a secUon designated for AF options. One of the 

both directions. Rather than updating a whole frame, only ^ ^^^^ is PCr value, 

the changed (or delta) infonnation is j^ovided for the delta decompression, the decoder in die DOT 102 In 

video frames. TVpicaUy. between I frames the frame recoMtructs the frames for a particular program 

sequenceconslstsofarepetitivesuccessionoftwoBframes „ ^^"^^^j^^.^^ ^e appropriate Pffivalues. 

foUowed by one P frame. reference frame to form the prediction frames, and then uses 

Mrec n also specifies digitiziiig and con^ressing tech- Mediction frames and delta Information to construct fiiU 

niques for accompanying audio information. Ute MPEG U ^ ^ ^^^^ ^ discussed in more detail 

standard provides a standardized f«mat for packetizlng the circuitry within the DBT 192 routes the private data, 

oon^mssed audio and video information and for oOier data. „ ^ software download data, to the microprocessor 

Under (he MPEG n standard, incoinlng indivWualWdeo processing, 

dgnals andrelatod audio Returning to Htt 2. the data module 27 receives a data 

into n^PertWe Video and ^^^^^^^"^ sli«r^RS-232 or Ethernet, ft«mthe software se.v« 12 

Streams(l^>Thevideoandaud.oI^sfrom^epr.M^ and^vlts the data stream to an MPEG O transport stream 

sources of video programming maybe combined with ^ ^ ^ „j ^PIG. j. 

similarly packedzed data into a transport stream for trans- te'^uTmodule 27 ^vides the input data 

nussiod or storage. urto units which wiU fit in the payload of NffEG H packets 

Each frame of compressed audio or vMeoiTOgram life- combines ttiose units with appropriate MPEG n headers 

mation is htoken down into a senes <rf transpwt padoete. ^ . ^ laforaution in the added 

Data.e.g.inEth«netprotocolfoim,lsalsorepacketi2edinto » ^ the>acket8 containing the software and 

MFBGntranspcrtpackrts. AlttoughtheframescM ^^mation as private data, 

lenga,, e.g between a lUl ref «ence «««^«^^^ m dau nSde 27 also insots onror more apiropriate 

^«b«ofPandBfr«nes),breaksdownintoapproximately would identify any application software to be broadcast on 

^eMSn%tandardalsop«mitstnmsportofp.ivateor « The data module 27 also constructs a number rfpacfcets 

^ssed in Lie detaU below, each packet indndes a ^Wf^^^'^PTT ^^.H^^ir'^Se 

identiflcx (FID) vahie, and the^n«dff or data « n«« V°S^, «fP ^ » 

S^ln^S[e^S««JPiDintothep«totaspartoffl»e infmnalS<«cojrtainedlnthemap 

packet fcnnattlng process. Different FID vahies are assigned 45 more detafl below. 

to dlff««m^Simand content For example, one pnv The preferred "ftworkembodiments utilize ^ 

grammay have a first PID for video, a second FID for audio transport, thoefore the encwla- system M indudes an ATM 

S>dathirdPIDfbrrelateddata(e.g.closedcaptioniiig).Hie muldploicr (mux) 29. The data module f « 

same stream may also contain private data not directly repeating « cycbcal sequence of one or more datofltofr^ 

related to (he trogram. eg. aiiplicatioii or opaating system so theserval2andMppliM a repcatog sequence of MPEG H 

software, and a difoent PID is assigned to packete trans- padiets to the ATM mult9>lexer 29. 

pnting that data. In ATM. iransfer is asynchronous in the sense that (he 

As shown in FK}. 3. each 188 byte transport streampacket lecmrence of cells (hat contain infoi^^ from any par- 

conlts of two or tliee section;, a 4 bjrte packet h«3« tlcular sender Is not necessarily p«iodic. Each device usmg 

section, a payload section andtor an optional adaptation S5 an ATM network submits a ceU lor transfaw^en they h^^ 

field, lie header informationinciudes. inter alia, a synchro- a cell to send, not when they have an assigned or avadaWe 

olzatloa byte, a variety of different flags used in reconstruc- tiansmlssion time slot However, flie AIM cells may ride In 

tion of the frames, and a tiiirteen bit program identification synchronous slots on a h^-specd timedivBioii multiple^ 

(PID) number. FID value 0 u reserved as an indication that mM», sudi as a SONET optical fiber. ATM allows any 

flie packet includes program association table data (mapirfng » ar«trary inf ornwdon tmnsf er r^ up to the iiiaxlimmi s^ 

profflTam numbers OPNs) for individual programs into FID ported by the ATM network, simply by transmitting cells 

values for program maps for ttjoscpiograms). PID value 1 more often as mote bandwidtti is needed, 

is reserved for identification of packets containing condi- inArM.lnliQniution fa organized into ceUs having a fixed 
tional access data, such as encryption information. Otter lengft and fMmat Each ceUincUides a header, pmnanly for 

program Identification numbers «e utilized to identify trans- 65 identifying cells relating to (he same virtual connection, and 
wHt oackcts widi tte program source ficom which diey an information field or -^yload". Under presenUy existing 

origiMte *™ standards, a 33 byte ATM ceU includes a ceU header 
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consisting of 5 bytes and a payload consisting of 48 bytes of program dock lefereoce (PGR) value. Tbe ATM multu>lexer 

payload dau (sec HG. 4). The ATM cell header inf cnnatioo ajipUes the 8 cdl adqitatioa to pain of cells wherein the first 

includes a virtual path identifier (VPI) and a virtual circuit packet does not contain a progiam clock tefetcmx (PGR) 

identifier (VO) to identify the particular commuoication to value. Packets containing private data, such as applications 

wMcJi each cell relates. The spedflcfonnat of the ATM cell s and operating system software, will not contain a PRC flag 

f ^^^f'^i^f^i^in^ATMymS^cAlBla- For each type of «lapialion, the ATM muMploter 53 will 

face Speaflcation. Version 3.0. p^^^^ by The AIM first convert the sourc^^Set or pair ofpacke^into a single 

Forma, Mountain Vi«v. CaM also puUished by Ptentloe AIM adaptation layer 5 (AALS) pactet As part of tSs 

Hall Ae disclosure of whiA is incoiporated in its entirety convewion. the mux wiU «ld an AAU5 trailer, ^er at die 

Dy retctence. lo end of the single packet or at the end of the pair of packets. 

FIG. 4 depicts a typical ATM cell format The ATM oeU Tbe actual trailer consists of 8 bytes of data, including 4 

includes a header section and a payload section. The first bytes of cyclic redundancy check (CSC) data, user infoc- 

8-hit byte of the header section indudes a 4-bit GFC w(»d mation (e.g. length), etc. 

which provides access control. The first byte of the header For a 5 cdl adaptation (PIG. 5A). the AAL5 packet 

scdion also indudes the lower fom: bits of an 8-bit virtual- " consists of a single MPEG padcet of 188 bytes and an 8twte 

path ulenfafier (Vpp. Tie second byte of the header section AALS ttafler, for a total of 1 96 bytes. To map this packet into 

mdudestheuppwfourbitsaftheVPIandlheflistfourbits ATM cdl*. die AALS partet is aUo padded wia44 bytes 

of a 16-tat virtual draili idendfler (VO). Hie third byte the trailer, for a total of 240 bytes^yload data. The 

mdudesttenexto^tWteofflieVCLTTiefourthbyteofthe AIM mux 53 breaks the AALS packet (240 bVtes) down into 

header section indudes the last four bits of the VO; a 3-bit » five 48-byte payloads (SAR-PDU)iuid attacte^ 

f?^^T^r5^"fr2'J!f'** I***.' f*^. 5 byte hcadcB to ead. payload to thereby fonn five sT-byte 

(CLP). The finh byte of the header section indudes an 8-bit AIM cells 

^J^n !^f^'^Sl T!. ^Z^^ «f ^ five of the Am cells wiU contain the 

mi^oD and fcnn^c AIM ccU payload section. VHATQ value assigned to the particular communicatiol! 

As used here, the ATM multq>lexer 29 performs an AIM ^ For exBttsplc, for the broadcast 6a\ice combined with the 

adaptauonftinction which converts the input information (in software downloading, the assigned VH and VQ value 

MPEG n tranqxat packets) into AIM cells. The AIM would correspond to network logical channel #. For die 

multiplexer 29 also perforais a multq)icxing function to video and audio portion of the program guide service the 

combme cells streams canying payload data from a number packets would periodically contain a PGR value and pcri- 

of sources into one highCT rate Wt stream. ^ odicaUy would go through the 5 ccUad^on in the n<amal 

In ATM based networks of the type under consideration manner. The header of the first of the five cells also has a bit 

here, the MF£G H bit streams arc converted into cellular designated "AAIT which has a value of to identify that 

payload data, and cell headers are added. A number of cell as the first cell. The header of the fifth cell will have an 

techniques can be used to adapt the transport packets into AAU bit value of "1" to identify that ceU as the last celL 

ATM cells, and certain pcfeired techniques are described For an 8 cell adaptation, the AALS packet consists of two 

below by way of ewmple. MPEGpadcets of 188 bytes and an 8 byteAALS trader, for 

As noted above, each MFEG packet consists of mbytes, a total of 384 bytes. The AIM mux 53 treaks the AALS 

whereas each AIM ocU includes 48 bytes of payload data. packet (384 bytes) down into eight 48-byte payloads and 
The AIM multiplexer which map the MPEG packets into ^ attaches qyprcpriate 5 byte headers to each payload to 

AIM cdls picfcrably uses two different adaptations to thei^ fcnn dght 53-byte ATM cells. The AALS layer is 

encapsulate MPEG H packets in AIM ccUs. The first adap- omitted from HQ, SB for sinpUdty. That drawing shows the 

tation m^s one 188 Ijyte MPEG packet into five AIM 48 m^iping <^ two MPEG packets into eight AIM cells with 

byte cell payloads (FIG. SA). The second adaptation m^s the indusion of the AALS trailer in the last celL 

45 The header of aU eight of the AIM cdls will contain the 

payloads (FIG, SB), VPWa vahie assigned to the particular oommumcation. 

MPEG packets of 188 bytes m^ eflSdently into AIM Continuing the above example, if the MPEG data rdates to 

cells if pairs of packets are mapped into 8 cells, However, a the program guide or the operating system downloading 

delay is in^xwed on m^lng of a flrrt cdl while waiting for service, the assigned VFI and VCI values would identify 
die second cell in the pair. To minimize jitter at the decoder, » logical netwoxk cfaannd 0 as in the above discussed example 

die packets carrying the PGR values need to be encoded and of the five-cdl ad4>tatiQn. The header of the first of the dght 

transported quickly. Tb avdd ddaying first packets contain- cells wHl have an AAU bit value of 'D** to identify that cell 

Ing a PCH while processing a second padcet, die present as die first ceU. The header of the dghdi cell will have an 

system maps first packets containing a PGR immediately, AAU bit value of "1" to identify that cell as the last cell, 
using tte five cdl adaptati^^ 55 As noted above, each cell of a particular stream will have 

transnuMton, die PGR is present in approximately 10 out of a header which contains a virtual path idcntifierAirtual 

eveo^ 4000 MPEG npackcts. Also, at least some of diose 10 circuit identifier (VPI^CD to identify the virtual circuit that 

packets wUl arrive as the second packet of a pair. the cdls pertain to. AU MPEG packets for a given program. 

Consequently, only a voy small number of padcets are whetfier video, audio or data, wiD be mfflmcd into AIM cdls 

mwed usmg die less efficient 5-cdl adaptation. having die same VFIT/CL Convcrsdy, cdls having a given 

As shown in die sinplified Mock diagram of HG. 2. eadi VPI/VQ wiU contain data ccnesponding to only one idcn- 

MPEG type real time encoder KTE 2S suppUes a stream of tlfled program. Thus, in the above broadcast examjdc. die 

MPEG n packets to the AIM multiplexer 29. The ATM cdls fix)m die one broadcast program all contain ttie same 

multiplexer 29 checks die flags in die adaption ftdd (if any) VPUVd vahie whedier die five-ceU adaptation was used or 
in the first packet to determine if diat packet indudes a 65 the eight-cell adq>tation was used, 

program dock reference (PGR) value. The AIM multplexer In die fffesently pref arcd embodiment die AIM mux 29 

applies die 5 cdl adaptation to first packets containing a processes MPEG n paciket streams for a combined program 
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or ttanawrt stream opacity of approximately 36 Mbits/s. As part of the reverse adaptttionfunctioMli^. the demni- 
For sinSlcity, it is assumed that normal video programs t^exa boffcrs cells until It finds a cell having an AAU 
^ ^1,7^ a 6 MWts/s encoding. The program guide service, value of in its header (first cell) and another cell having 
however. Includes rdativdy little motion and can be efB- an AAU vahie of "1" in its header (last cell). The demulti- 
dently encoded at a 43 MUts/s rate. The data module s piocer counts die number of cells from first to last to 
thcrcfon: can cyclically output the software at 15 MUts/s. detennine the type of adaptation used to map cells. 
The ATM ima 29 therefore receives packet streams fron up (jemultiplexer has captured five cells, (he demulti- 

to six realtime encoders (fOBs) 25 and one data nwdule. In . ^ pulls out the payload data and uses die CRC data do 
a source system 11 offering «> «»ftwarc dowtdoadmg sw- toorors. If there are no enas. the criginal MPEG 

vice there would be no ^^i^^^^^f^J^S^^^^^^ lo packet is reconstructed bom the appropriate bytes of pay- 
^^•'JJ'*!™" ^t^^lT^^Z Kad data from the first four cells. Similariy, if the demul- 
the six KTBs. The ATM mux 29 pof orms the AAL5 adap- dght cells, the demult^lexer poUs out 

tadons of nGS.SAanda on aU rfttic inputs from the rwl ^^'Zh, does A* CRC tased^aTAectimd if 
time encoders ». to and die <tato moMe 27 (rf "^f ^ of MPEO packets is 

toduded).TheA^mnx»formslhea*ualAIMce^ ^, ^n^^ from die apjSpriTbytes of payload data 
assigned VPWa values in die ceU headers and combines !^3lJ,," -fi" »• ' 

toe 5™ cells from all of ti>e programs and die software from die dgM cells. „ „^ , ^ 

tnmsmission into a single DS3 hit ^ Ti>^ DBT IM process^ die MPEG Hpackets in the 

to m«.ping cells from multiple programs to AIM cells "sultant '>^*>"'^'>''^^Z^lT'J^'T^i: 
and (Sntag c*U streaTinS a^^lbit »tre«B, it is „ ""^^h-^T^ ^n^LZilTJ^ 

nLessaiy for *e mux 29 to map d» HD value from each " Pf«*««» bycoirespon<hng decoders «nd assorted driva 
^^On picket into die WUVQ value for die «» f« ^"^^^ T ^ 

oSS<«<tog^grun. m ATM mux 29 dieref<« is '^^^'^'^^^'^^1^*:^'^ 
p^^^Toiec^ze diePID values of packets f« each software, howevw, is twnsfared as private data to die 
SSTwd S^die adaptation te«lmSues discussed „ microprocessor of d>e DCT. Of particular i»tt f» 
S^^^ve to FIGS SAand 5B aidto map die FID <»f invention, if U>e software rdates to an opcr- 

«^^,rS^tp^''rS«nSngi no.vol^eRAMw,did«nlw^4lop«tingsys.em 
soedfied VPI/VCL la the prefened embodiment, the net- 30 soirware. ^ ^ 

Sl$lianqxHtsAmcdUtooughtod«set.topt<nBl- " TV, fadltote u> under^ding of oP««ti"8 

STlW, dioS^ Ibt re«ivinB3e would be die suN ?L'S!!S^Jk 
.^Wc fyr^ttnn^M set-top tommal lOt in more ddaiL A piefecred networlc 

iSiSriln^rurminating AIM transport impl^tatio. is ^ssedt^ wi* regard to 

dement of the NIM 1#L In odicr netwak in^lemeDtations, The »ct-top temunal IM shown m FIG. 6 wmcoa^ to 
the ATM demultiplexer may simply reconstruct the MPEG a numb«r of diffcicnt types of digital networitt, offamg 
transport streams and supply Aose streams to some other 40 broadcast and pdnt-to-p<rint type S€xvic«. su A as <l>fclo8cd 
mecfa^m for broadcasting the MPEG streams to the in canmonly assigned qipUcation senal no. (^413,810 
^^c^s 100. filedMar 2a. 1995 entitled " Access Subnetwork ContioUer 

^erevcrimplemeated^theAIMdemultiplexerreceives ^ Video Dial Tone NetwortoJ (attorney docket no 
aIS5^ed%4cS^ 093B) cUsdosure ofj^ ^ "T^.^^ 

toTmSnber of irognons « sessions. The ATM dcmulti- 45 entirety ^ ^^^^^^f^ji^^ P'^^""^ 'l!?'^**^^^ 
plexerptrfonmt^XSion5,dcmultiplexingthecoml^ ni«it b discussed m detad below with regard to FIGS. 8A 
stream to lecovcT ceUs relating to at least one oommunica- and8B. . , <aa 

tion and ATM to MPEG reverse ad^qitation to str^ ofifthe For each different type of ndwwt the tenmnal IW 
ATM cdlheadas and reconstruct the MPEGpackcte. In the indudes a network interface module Ifl providing flie 
frefertcd embodiment wherein theATMdeinult^eiier is an 50 actual physical connection to the particular type of network, 
dement of the NIM Itl. as part of tfw dcmult^>lcjcing For cwunpie. in a fiber to the home network, ttie module 101 
function, the dcmultiplcxa cq)tures aU MPEG H padats would indudc means for two-way convexsion between elec- 
canied in ccUs having a single specified VPI/vavaUie and trical and optical signals and connections to one or hkhc 
provides diose padccts to a decoder in the DET lOX optical fibers fw the necessary two-way transmission. 

OtticrdcmultiplexingfunctioDsarepossiWedq)endingon 55 However, Ihe network interface mwhile nnght be m^ 
where the demu&>lcxcr fits into the overall network ardii- for a non-physical communication hnk, for example, vm 
tecture. Fa example, the demultiplexer could provide mul- 

th>le outputs to multijde decoders. For exanqde, the hybrid network discussed bdow, the NIMlOl provides the con- 
fiber coax based system disdosed in FKJ. 4 of the above- ncction to die coaxial caWe type drop, 
dted 08/304,174 application, an ATM packet handler per- so Hie network interface module 101 will also perform any 
forms die AIM demultiplexer function. That packet handler format conversion necessary between signal formats utilized 
provides multiple ou^xit rails each of which carries a by the network and signal formats used within the DOT 100. 
combineri MPEG n packet stream for 4 programs for For example, in the switched digital video type nrtwork 
tvoadcast in one 6 MHz RF channd. The NIM cigjtures a disdosed below widi regard to FIGS. fiA and 8B, ttie 
combined stream from an RF channel and an MPEG 65 nclwo* interface module 101 wiUindude means to receive 
decoder in die DET processes packets tot one of the 4 and process a baseband ISO Mbits/s broadband data streara 
programs based on FID vaUie recognition. select a DS-3 from that streanL and process and convert a 
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selected AIV ceU Stream kto Nfl^n bit Stream for fu^ system is stored in a portion of the non-volatUe RAM 121 

processing by the DET 102. having a rclativdy low level of protection. When a new 
The network interface module also provides two-way operating system is installed, as discussed more fully below, 

signal conversion and formatting for control signalling operating system replaces the entire qwating 

between the DBF and NIM and for a control signaling 5 systcmprcviously stored in the non-volatQe RAM. The Icvd 

channel through fte particular network For ewsp\c, the of protection here provided enables rewriting the operating 

n^Ofk interface module would indudc means to multiplex ?rstcm using a towidcast channel download procedure, 

and demultiplex signals for transmissionytcccption owr a l»<wevtf thereissu^cmprote^on to limit storage to 

coaxial cable or optical fiber acceptable software from an authorized provider. 

in^eillustratedembcxi^^ " ^^t'^'^^'Tos'T^ 

ule 101 presents two cowiectlons to the DOT 102, a high bit audio and video signals him the audio and wi^mw 

rate broadband connection and a low bit rate signaling encoded packets received from the network through the 

connection- The broadband connection is a one-way down- interface module 101. TTic audioMdeo processor 125 

stream only connection, but Ihe low-bit rate signaling con- includes an MPEG system dcmultq>lexer 127, an MFEO 

ncction is a two-way connection. *5 video decoder m. an MFEO audio decoder 131. a graphics 

The network interface module 101 takes die foim of a overlay controller 133 and at least two frames of video RAM 
|dug in module. In one embodiment the module 101 would 

be similar to a daughter board or option card which can be MPEG system demultiplexer circuitry 127 recog- 

plugged into a backplane of a personal computer (PQ. In packets in the MPEG data stream received over the 

such an cmbodinMnt, typically a tedmician could replace ^ hroadband diannd througji the network interface module 

the module in either the field or the shop, to modify a set-top ^^^^ packets to the appropriate components of 

device 100 to connect to and communicate over a different ®° ™ "^^^^ ^ respective 

network, and the technician would modify assodated com- ^T^' ^9 system demultiplexer 127 

munications control software in the system mcmay. Alter- ^fuitty rccogidzes audio and video paciccts in the MffiG U 

native implementations may use a uscr rephSc^L ^ "^T ^^^^ '""^^ ^TT^ 

type nSTork interface module, si^H^dS^ rn.i« 'S'l^; "^'^a *f 

«A,i«i. ^ « I ^ a Tiuw KflUK routes pnvatc data, such as downloaded software, to the 

cartridge, whidi may include memtwy m the module for microwocessor 110 

Stiv? r/n^S'^J!^*'''' t TUc MPEG Video decoder 129 decompresses received 
a^tonative, die network interface ?J<^«i<^^d indudc a 3^ video padcet signals to produce a di^^Sj^ signal, and 

distal sipal processor oonfroUed by theCTU of the DET the MRBGaudii decodTm dccom^esses rcce^^udio 

102 and input/ouQjut connections con^atohle with aU of the packets to produce left and right di^ll^ stereo signals. For 

distal broa^and networks wrenUy available. TTic down- at least some functions, the MPEG decoders 129, 131 may 

loaded operating system software stored in the system be contn^ed in response to dgnals from tfieinicroprocessor 

menace of the DOT would control operations of ttKdigi^ 110. The MPEG video decoder 129 wlUintemaUyindude at 

Mgnal pioccssar to send and iccdve signals in accord with least two frames (e.g. 8 mbytes) of RAM (not sM)aratdy 

the partiadar netwwk to \^Wch the subscriber chooses to shown) for use as a frame reorder buffer during the MPEG 

connect die sct-top device 1#0. yj^o decoding process, and die MPEG audio decoder 131 

Hie DOT 102 indudes a CPU 105, comprising a 386, 486 also may indude some buffer memoiy. 
PENTIUM™, or Motorola 6800 Scries miaoproccssor 110 40 The video RAM 135 is not a specialized -Video RAM" as 

and assodated system memory 120. The system memory that term is sometimes used in die tdcvision art The RAM 

120 includes at least 2 mbytes of volatile dynamic random 135 is actuaUy a standard digital data RAM, of appropriate 

access memory (RAM) 122 and 1 mbyte of non-volatile size, which is used in die DOT to store digitized frames of 

random access memory (NVRAM) 12L In the preferred video data. The RAM witiiin die MPEG video decoder 129 
embodiment, the NVRAM 121 is a flash mcmray device. 45 likewise consists of standard digital data RAM 

The CPU 105 also inctades aiead only memory (ROM) 115, graphics display generator produces displays of text 

d^er as a separate dement connected to die microfaoccssor and grqihics data, sudi as a sdection menu recdvcd over 

}}n 51^ Bow'^i « f ^ n^aoprocessor the signaUng diannd, in response to instructions from the 

UO/Thc ROM U5 stores loader" programming needed to CPV 105. The video RAM 135 sequentially recdves eadi 
control wake-up Hic non-volatile RAM 121 stores the » frame digitized, uncompressed video infonnatfon, as 

T^V^^J'^J^'' micrc^rocessor 110. In operation, ou^wt frcna die MPEG video decoder 129. The video RAM 

die volatile RAM 12Z temporarily stores apfdications pro- 135 also recdves digital information and readAvrite control 

^AA.^^'''' microprcK^essor 110 as wdl as signals from die graphics overlay controUer 133 represent- 

rdatcd <*«Vl^'^f^^i^8 operating system download ing the several planes of text and graphics information and 
operations, the RAM 122 tcnqxjcarilystOTes die new opcr- 55 combines diat information witfiUie frames of decompressed 

atmg system. ^^^^ ^ produce conqxwite video frames. 

In die preferred embodiment die operating system for die The graphics overlay controUer 133 and die video RAM 

DOT 102 includes a version of a PC type operating systan, 135 actually cooperate to manipulate five different planes of 

eg. OS-9. In addition, die operating system for Hit DOT 102 video information, four of which can be active at any one 
indudes die various drivers necessary for the DOT micxo- 60 time, to produce die composite video frame output signals, 

processor 110 to operate die assodated pcr^hcrala, c.g. die The individual planes comprise the decoded MPEG video 

Digital Audio^deo Processor 125, die Personal Conq)uter frames, a cursor, two gr^Alcs/teott image planes manipu- 

Monofy Card Industry Association (POldA) port 155, die latcd by die microprocessor 110 and a ba<«iop plane. The 

RS-232 transodver 151, etc. The set-top operating system badDdrop plane would be switdied in to replace die plane 
also indudes die resident cable tdevision emulation 63 representing die decoded MPEG video frames, e.g. to 

software. Le. as needed to faciUtate recc^ytion of broadcast present a Uue badcground instead of the MPEG video 

programs dirough die particular network. This operating badcground. 
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When theie are no graphics or tort. Ihe conqxjsite ftames 102 may send and receive conlrol date toougli a si^^ialmg 

would conespond entirely to tlic uncon^KSsed recdyed clumnel on the subscriber s loop « drop cable, to fcc 

videolhunesoulputbydieNlPEGvideodecodermWhen prrfared einbcrfm|ciit, ^'^^f^'^J^^.';^^^ 

^rec^vidSfiJLsareto be output, ci11.tr when none r««to selected broad«^^ * '-.f iSL 

auicwycu viuw i^T^*;«.i» «*,o.«H th^ < DBT lt2 provides selection signals to the NIM Itl for 

areiecdvc^ orwhcDtlKy aietobeeiiti^ 5 ^^^^^ 

infonnationframthcgryhicsoveriBygenOT^^ .^^^ a^^i«id channel. In a 

specify abackgroundandtheacbvepkn^^ oftextor grjWc tomnaliay transmit upstieam 

infonnation. When received video founes arc oomMned ^j^^ infonnation through the signaling channel for 

with text and/or graphics, the oomposite video frames ^aKJrt ftrough die network to a video infomiation ^ 

include the uncompressed received video f^^^ 'f^ 1° ^j^^ i^ctive sovices. 

selectedpadsthcreof rcjdaccdw^ embodiment niustrated in FIQ, 6, the DOT IW 

display pixels specified by Ac graphics overly ^nttoto i^^„^^i,^(iR) receiver 145. The (IR)n^^^ 

m In dus last ^tuation die gnipWcs ovfflay contioUcx to inputs signals from a usrr operated IR remote 

would deactivate the backdrop plane. ,^ device (not shown) similar to dial used today for 

Under certain circumstances, the video RAM 135 also " controlling televisions and video cassette recorders. In 

serves to freeze video frames. For example, when a video „spoQsc to the IR signals, the receiver 145 produces cor- 

transmission ends fear some reason, the RAM 135 will respooding digital data output signals. The microprocessor 

contain the video and associated gr^cs infonnalion for interprets the digital daU signals by the IR receiver 145 

the frame last received and displayed. The DOT 102 an commands. The jacdsc interpretation of spedfic 

continue to output this frame as a stiU video ou^ signal far ^^j^^^^^ ^^j^ ^^^jg^ tjic downloaded apj^- 

some period of time. cations programming and/or the operating system software 

The DOT 102 also includes audio and video digital to currently stored in die system memory 120. For example, in 

analog converters and appropri ate drivers to produce output response to certain input commands, die microprocessor 110 

signals compatible with a conventional television set ^ controls cursor position and alphanumeric information dis- 

SpedficaHy, the converter and driver circuitry of the DOT pUyed as graphics and text on the associated television set 

100 indudes audio digital to analog converters (DAC's) microprocessor 110 wili also respond to an ^ipropriate 

134^, 134j^ an audio mixer 136, an NTSC encoder 137, and ^^^^ command from the user to fomaulate a message for 

an RF modulator 139. upstream transmission though die network interface module 

The DAC's 134^ and 134^, receive the uncon^sscd left ^ lOl and the signaling channel of die particular connected 

and right digitized audio signals ou^ut by die MPEG audio network, e.g. to select a broadcast channel, 

decoder 131. In response, the DACs 134x, and 134j,im>duce The set-top terminal device 100 of die present invention 

baseband analog audio signals fot output to individual is an open intaface device in tiiat it interacts witti equipment 

baseband output terminals. The audio mixer 136 also of a large number of service jvoviders (often referred to as 

recdves die baseband audio signals from the DACs 134£, ""VIFs**) to offer users a wide anay of video and interactive 

and 134j^ The mixer 136 combines the left andiight analog multi-media services. In the preferred embodiments, die 

audio signals to produce a monaural audio signal as the digitid f F«*« **<"">ft "^ t^rfminni (nRT) 101 in a programmable 

audio input to RF modulator 139. device to which dififerent individual video infonnati<Mi pn>- 

The NTSC encoder 137 also performs a digital to analog viders (VIPs) can download plications software, and at 

converter (DAC) function. In response to die digitized video ^ least one VIP the network operator (die party selling die 

ou^t signals from die video RAM 135, die NTSC encoder set-top device to die end user) can download die operating 

137 produces a baseband analog video signal in standard system software. 

NTSC format. The baseband NTSC video signal is supplied in the ROM 155 and^or a rdativdy high-levd write 

to an ou^t tominal of die DOT 102. The baseband NTSC protected portion of die NVRAM 121 (e.g. sector 0 of flash 

video signal is also supplied to die RF modulator 139. The 43 memory), die DOT will store a loader program similar to the 

RF modulator 139 responds to die mono audio signal, die bios of a PC The NVRAM 121 will also store an operating 

NTSC video signal and an RF signal from a local RF system. The loader program and operating system in the 

osdllatGff 141, to produce a selected standard RF tdevision rqM and the non-volatile RAM will indude sufiSdent 

signal on an available TV channd, typically channd 3 or programming to control initial comnumicadoos and define 

channel 4. 50 intetfaces and drivers, e.g. for graphics to define the base 

The type of connection of die DOT 102 to die tdevision line fiinctionaUty of die DOT for all service applications die 
set depends on die a?>abilities of the user's television set If DOT will run. TTds stored software also indudes die resident 
die usff has a monitor type tdevision enable of receiving q^cation^ which in die preferred embodiment is a CATV- 
baseband video and stereo audio inputs, die appropriate like txoadcast program reception routine q>proiHiate for die 
terminals of die tdevision would connect directly to die 33 particular network connected to the set-top terminal 100. 
video and audio output terminals of die DOT 102. If die The ROM <x the most write-protected portion of the 
subscriber does not have such a tdevision monitor, dien die NVRAM also stores an operating system upgrade routine for 
RF ou^t of die nxxfadator 139 would be connected to die controlling die DOT process of upgrading die operating 
cable or antenna input connection the television, e.g. by system dirough a broadcast channd download operation, 
coaxid caUe. Altemativdy, the digitized video and audio ^ jbc DOT 102 of the present invention may also indude a 
may go to separate output terminals (not diown) for con- nurnbcr of additional interface devices, ii the example 
nection to inputs of digital display devices, for example, for illustrated in FK}. 6, the DOT 102 indudes an IR transmitter 
hi^ definition tdevision (HDTV) sets. 147. The transmhter 147 responds to digital data ^ignals 

Each DOT 102 also tnchides means to rocdvc sdection from die microprooesscv HO and outputs corre^nding IR 
signals from a user, and under at least some drcumstanoes, 65 signals for wireless transmission. The IR transmitter 147 and 
transmit qjpropriate daU signals over a narrowband channd IR receiver 145 may operate togedier to provide a two-way 
ttirough die particular video network. For example, die DOT wireless data comnmnication link to some remote device. 
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such as a personal data assistant (PDA) or pocket oiganizer. 115 and 1 mbyte of non-volatile RAM 121 as discussed 

Alternatively, the IR transmitter may send signals to a above, Ptefcrably, the non-vdatUe RAM 121 consists of 1 

remote display device for use in a service not requiring the mbyte of flash memory. The volatfle portion of toe mcmdcy 

TV set For example, in an audio on demand service, the IR consists of 2 mbytes of DRAM 122 

transmitter would s«,d display data to an LCD dispUy 5 TTje use of flash memory in the preferred embodiment 

looued near die user's stereo system. f^^litates control of the Jte op^aSnsTdS^ 

The iUustrated DET also indudcs an RS-232 transceiver grams stored in the sectors of the memory 121 as a form of 

or interface 151 connected to the miaoproccssor 110. An memoiy access control. Access to the different programs is 

RS-232 port IS a standardized two-way serial data interface limited by different types of flash memory "LOCKs,** each 

typicaUy used for connecting computers to pcrqAeral 10 of which requires a prcdetamined bit pattern to unlock flic 

devices, sudi as modems. In die present system, flic RS-232 write operation and permit write access to the memory 

interface 151 might irovide a serial data connection to an sectors. 

external personal computer (PQ, such that die DBF pamits ji^ rqm alone or in combination witti a wiite-protected 

wT"Shv^^^ m P<«tionoftheNVRAMstoresaloaderp^Sfor^^^ 

^L ^n ^ '"^'f the DBT to a » Ung many of die wake up functions of Ae^ IW. He 

pnnter. e.g. to pr^t coupons during home shopping/ preferred embodiment flic writcprotected portion of the 

hrowsmg smdces A hand-held diagnostic terminal might SvRAM is sector 0. To write code^^^ a Wt 

also connert to this port dur^ ^dng of the DCT. The pattern, corresponding to •U)CK1' sb^ HgTw^^^ 

rZT^T^r^iS^^ ^ ITavailableoryrftedJ^Si^TX 

the interface 151 would be controUed by the operating 20 flash memory type NVRAM 121 store die operating syste™ 

^fTs^ m*""^"" '"^"^ ''""'"'^ ^ SS^diog authorized access to^^STe 

JL ^ , 1 ™ . , ^^^^ coiesponding to 'LOCK2' shown in FIG. 7, 

FIG. 6 also shows the DBF 1«2 including a magnetic card wiU not enable writing of code to sector ft. As discussed 

r^er 153 connected to the microprocessor lift. This reader more fWly below, ttie use <rf diese difierent t»t patterns to 

153 could be used to scan aedit card information encoded ^ control the write operation to ttie sectors of flic flash memory 

on magnetic strips on commcmly available credit cards. In a effectively limits who may access flie various sectors 

ll^lIl^in'^ZfT^f^^ "^^^ cont«)lledby tfie Ibe loader program is analogous to a BIOS (basic input/ 

SS^^h th^r^ "Tc* ^" output system) in a PC THeloSler program provides 

^through the rnagwticcffldrcate instructions to the microprocessor UOto can^ 

SK,SstonSo;^^ ofhardwarediagnosticsISSanlnitiaib^uL^^^ 

wnte avabihtoes to perform debt card operations. boot up die opiating system stored in die NVRAM 121. If 

The iUustrated DOT 102 further includes a personal faults are detected, flie loader routine will cause display of 

computer memory-card interface adapter (PCMCIA) port enor codes and instructions on flie associated television 

155. TTiis is a two-way Interface for coimection to and screen. For example, if flie loader routine results in detection 

communication wifli a flash memory module, such as is now of a network err», the DOT might generate a display 

incorporated into advanced "smart card" devices. In a mcdi- instructing Uie subscriber to call a telephone number 

cal sCTVicc, a user might communicate with a medical assigned to the network operating company together witii a 

information database through ttie DOT lft2 and the broad- four digit code indicating flic type of network fault eg lack 

band network. The user's personal medical history informa- of a signaling channel or lack of a broadband channel 

tion could be read from flic smart card and subsequently AllOTatively, if faults in flie DOT 192 arc detected, flie 

tjpd^cd on tiie smart card, flirougb flie PCMCIA port 155. display would instruct tiie subscriba- to caU a telephone 

Anoflier use of tins port might involve communication to a number assigned to flie DOT vendor togeflier wifli a four 

connected video game system to download Wdeo game digit code indicating tiie type of DOT equipment fault eg 

software to flie video game system and/or play interactive operating system memory enoL 

"H^TL/^^^ Tf^f ^ ^"^^ embodiment die ROM 115 or 

Z^l^!^ ST 11? Xf^ sectc* t of ttie flash memory type NVRAM 121 also stores 

devices connected to fliis port 155 can have otiier data an <,>erating system upgrade ri^e. TTie upgrade roS^ 

S^^r^Si^'f/a'^'' ^"^f iBdudes iKtion^Tstructions nece^ to 
iTZT^Sk^^^^^^ « flieoperatingsysteminformationfxomtfiebro^ 

Z w 7'^ "^^T *^ ^ ^ P^^"^ invention, 

into flie NVRAM 121, e.g. when tiiere is a fatal flaw in flic a « „ e«^fi^ w i a ^ . 

currentiy stored software. ^ * specified hit pattern is needed to aufliorize 

T ... overwriting of certain sectors of a flash meanory. The 

il^iSil^/ '^^T^'^' '^OApoit 155 WiU operating system upgrade routine Includes the bit ^ttm, 
cany 6 Mbtfs/» of data *»irt the port can be designed for „ needed to authorize ovenwlting of aU sector* exoeptVector 

higher^sud,as20Mbyt«/s.Anolheruseafthispart «. n.e operating systema^T also be ovmwftSn 

v^J^ww'S*'' ^ f° caid or other Local technician, e.g through the PCMCIA poit 155. and the 

K^i?- ^ cx)iniiiunIcatlons software for overwriting the appUcation used by the tech- 

between the DOT W2 and one or more computers. The nidan would indude the bit pattern necessary to ovwwilte 

seMop 100 would provide (he computers with communlca- sectci 0 "^ra-iy lo ovczwnie 

"'^'^l^ Occasionally, itmay benecess«y for atedmidan to load 

through fte RS-232 transceiver 151. the data .^CS i^^Sl ^J^^^.'T,T^r T'^?"' 

the PCMCIA pott 155 is mudi higher. « ^^^^^ ^LP^!^^^.^'*" U«set-top 
_ , ™ , « 100 off and inserts the PCMCIA memory card in PCMCIA 

HO. 7 shows the segments of memory in the DET 102. poit 155. The tedmidan dien turns the set4op device 100 

nienon-volatilepoctionQfthe memory consists of the ROM badt on. In the currently piefeired Implementttlon. the 
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PCMCIA card consists of 2 Mbytes of flash memory and television ms^y functionality. To Ac usff. the sci-toplO^ 

contains the operating fuU system The software stored in appears off. The mioopiocessor li5, however, remains 

this card also includes the portion ci the loader or boot pow€wd and as part of its sdf^agnostic routine can dcter- 

routinc and/or the operating system upgrade routine nor- mine whether or not an operating system upgrade is 
mally stored in sector* ofthe flash memory of the DOT lOZ 5 necessary, as discussed in mere detail bdow. In the prcfcfrcd 

The driver program used for the PCMCIA port 155 is networt embodiment, when the user turns the box *0N\ 

similar to that for a floppy disc drive, and the data files on the miaoproccssor 110 initiates a channel sdcdion of the 
the PCMCIA card are arranged and formatted in a fashion viewed channel through interaction with the HDT 230 

similar to files on a floppy disc. When the DOT 102 ^aid begins displaying die infonnation from that diannel. 
powers-up. the microprocessor 105 checks the various ^ together illustrate a prefecred ardiitec- 

pcrijAerals in a manner analogous to a power-up boot turefcr afiiU service network providing the terminal opcr- 

routine in a personal conqniter. Of Particular note toe, ffic ^ system downloading service in accord with the present 

microprocessor 105 checks and detenniiies ttiat a PCMOA ^^^^^^^^ iUustratcd network provides ttan^ for 

card is present in port 155. RaAer than bootmg up the ^^^^^^^ ^^ts including broadcast video and IMTV 

operating system in the system memory 120, the nucropro- typ^ gg^s^ guch as video on demand. The network also 

oessor detects the bit pattern d^g «<=tor accessto ^ interactive iCKt services and voice tclciiionc ser- 
DCT's internal flash memory in the ooemory of the PCMCIA 

card and uses that bit pattern to initiate a sector by sector ' . - ^^^^ network oommises an ATM backbone 

system ««ed on "he ^'^^^J^'E^'^^^ 2" the ATM backbone network includes an AIM edge device 
^ to the fla^ "Wjii pie ^ 2a«„ 220, from the VIP headends to 

cesser then taitfates a reboot of Ae op^^^^^ S X^S.The ATM bacttone necworkliichides four 
the internal flash metnory to run the new opc^m sy^ ^S?be« 229. to cmying broadcast p.ogramming 
TlKMtpatternusedtoinitiateawiiteopcationintosecto ATM eie device 2M to a large numba of host 

0oftheNVRAM121wiUbekeptsea««»dDo^b.o^ „ S^t^s 00^2 230 (only oiTof which is shown 
through the n«*work. A technician may utilize this code as rp^^T 

described above, but infoonation service providefs offering " * ,^ ,. . , ^.s„„ /ivrrv^ c*r.rf«.e 

Sa«^ »ograms or offedng intcractivrscrvices through ^"J",'^'^^^ f^^^^ 
ZV^Jl^mZ be awaierfthis bitp-t«n «Kl will not the ^M^^adjone nrtwork ^<^^^.^^ ^ 
have ^.thonzation to modify ^files ^ Mse^ 0^ 3c ^^25^1 SSLT^T^SteVllSS 
•me opctatmg system upgrade .^ssion iBt««*s with a level 1 pte^ay 252 which in turn 

include the Wtp^cQiwsponding^ ^^nuinicates with the PVC ciitrolte 254 to obtain the 

who sold the DBn e-frfte '^^'^^^Zll^^A ^^S^b«.dwidth through the switd. 250. 

infcsmation provider (VIP), will broadcast software and "spuuic wuiu ?r . . . imr'. 

associ.t«dcoW,lmes;agc*totriggertheactudupgr«teof 3, The lo«l toop nrtw«k co««rts ^ **HDTs^aO 

the operating system, and the stcred upgrade routine wm t^^^^^'V *^ J!^^??**" "VV ' ^ 

p^Xthe bitWn needed to write the new ^<=^J^'^ units 252 (ONir»)^d «m«5L«?'«* »^ 

ip««linB systefTsoftwarc to the relevant sccto» of the and twisted wire pairs 234 connecting the GNU'S to the 

S^AM til subsofljci premises equq)ment. Control processor elements 

^S^MSieRAM 122 sen«s principally as a scratch pad 40 (»« »'»^> ^ •^ilT''^ administra- 

mS^2K^S5^cr^SSi.rc.The J ^ ^ (VAM) M2 contro^the ^>^«f^ 

«SftwareSrtedowSe«dedtotheDCT 102*^ Sigi«lii«g coinnmnicjtions between AeDBT's jnd 

the broadcast channel in essentially the same manner as the the serving HOT 230 utfllze a wnsumerdertroiira 

grating system from the s«ne p^vider offering the cper- protoooL In the presently pnfated onbodiii^at, si^g 

atingmtcm upgrade s«»vicc, or any other VIPmaydowo- «s coimmwicatlons brtween the otto nodes «f ne^oik 

loadaJpllcati^^arethroughaiAcrhroadcastchaiiiid ri^<»»"X.25 packet switAeddatanrtwork^^^^ 

«r thr«wMpoint4o-poliit link used fcf Interactive muW- implementations, htst^ of date uemaA246, *e ATM 

ZS^^^rOKSvk^ switch 250 wiU cany the signaling traffic together with the 

When the seutop 100 is first connected to powa ftc IMTV broadband traffic 

midopfocessor UO runs its self-diagnostics as specified by so For simpUdty and ease of understanding, it is assumed 

the loadtt routine and boots up tfie operatiitg system stored here that the network is setup to transp«Mt broadcast services 

in the NVRAM m. The DBF 102 does not start executing from two VIP^s headends. In practice there may be more 

any of the processes, such as MraO demnlt^lexing and than two broadcast VlPs on the network together ofcing at 

decoding because it is not yet in an 'ON* state, nie DET least 384 channels rf broadcast progfammmg. Eadi of the 

instead runs in a lower power state watting for an ON ss broadcast video headends includes one or more of the sance 

command from the user. When the user turns the boot 100 systems 11 discussed above relative to FIGS. 1 an* 2- E«* 

•ON', the mlcTMrocessor 105 is already \ip andninning and source system 11 digitally encodes up to sa MdioMdeo 

can quicMy hiltiate channel sdection and disi^y. When programs in MPEOH format, and at least one <rf Resources 

turned 'OFF after use. the DHT returns to the low pow« encn)sulaies die software data carousd containing Ae op«- 

standby state, and the HDT 230 will retain last channd co ating system hifonnation In MPEG II transport packets. As 

viewed data in memory for use as the initial channd discussed above, each encoder system indudes an ATM 

sdecdon when the user nort turns tteDET ON. As part of mult^lexer for adapting the MPEG padtcts mto a smgle 

the return to Ae low power state, flie microprocessor 105 ATM stream at a DS3 rate. 

may repeat (he sdf-diagnostics procedure and reboot the In the illustrated example, ttie DS3 is actually a one-way 

operating system. « asyndtronous bit stream. The transmissiM of ATM edls in 

When the user turns the box 'oT. the microprocessor an asynchronous DS3 signal requires a common d<xk 

turns off the various output drivers tbatby terminating the reference in order to ensure fiame aUgnment between fte 
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ATM multiplexer and a super tnink transmitter 218. The The ATM edge device 226 numitors incotning DS3 data 

ATM mux therefore presents the MPEG II packet dianneb streams and dctcnnines whether ATM cells within the data 

in ATM cell format in acoH-dance with a physical layer streams should be passed to the network or blocked. This 

convergence protocol (PLCP). The PLCP is a framing functionaUty of the edge device 226 serves to police incom- 
structurc used to ensure that ATM cells arc aligned witfi 5 i^g cells based on their VHA^a values. The edge device 

respect to a ^responding video frame, even though Acre will pass ccUs only if the WWd values in the ceUs 

Sl^^^^'^ri'^li'Ji'T '""^ ^ATf 5^ carrespond to a value indiaited as vaHd in the data tables 

|pedflcaUy toe PU3»refarenoes a DS3 header and idcnU- prognmuned into the edge device. If a ccU does not have a 

fies the location of each ATM cell with respect to the DS3 LiSx/oi/v/or 1 # TIl^ li. uwii«vc « 

header. Sincere DSBframecontainsamSiof twelve T^tT^^^ VV^^^ 

ATMcells-thePLCPnotesthclocationofeachofthctwerve edge device wiU not pass diat ceU to an output port 

cells with respect to the DS3 header. Thercf ere, even though *e ATM edge device 226 performs policing of DS3 

there may be DS3 frame drifting, the HjCP ensures ^™ streams by monitoring the data rate of incoming 

alignment, from a cell perspective, between the cell layer streams from VIPs. For example, if one VIP has 

and the DS3 frame so that each of the twelve ATM cells subscribed by contract to transmit a particular channel at a 

within each DS3 frame can be located. daU streamrate erf 6 MWts/s, the ATM edge device 226 will 

AU broadcast service type video information providers pr<**it or drop ATM cells having the assigned WPWd 

(VIPs) supply programming to die network in the form erf a ^ transmitted above the subscribed bit rate; In 

DS3 type, MPEG H encoded ATM streams such as that <his case, a 6.5 MWts/s stream would be rejected as an 

output by the source systems U. The DS3 bit stream from unauthorized rate. 

each system 11 goes to one input of a super trunk transmitter ^ addition, the ATM edge device 226 provides a groom- 
(SIT) 218. As discussed below, the STT 218 combines a ing function, whereby ATM cells are analyzed, on a cell- 
number of DS3 ATM cell streams into one higher rate bit by-cell basis, to detoxoinc if they should be transmitted on 
stream and converts the dcctricaJ signals to optical signals Che network. Specifically, each ATM cell having a valid 
for transmission over a trunk fiber 220. One broadcast VIP VFI/Vd value is switd)ed through the ATM switch fabric 
may have a number of STT's 218, and die network will assigned to cany the program identified by the VFIA^CI 
actually carry optical broadcast streams from multiple value. The ATM edge device 226 combines a specified six 
broadcast service VIPs. ATM cell streams into a DS3 bit stream for output on each 

ff the optical transmissions are SONET coiiq>liant the output port, 
super trunk transmitters 218 and super trunk receivers 224 3^ This ATM cell mapping enables DS3 ATM cell streams 

would operate at an OC rate to tranqxnt a standard number that are transmitted at less-than-fuU c^adty on the trunk 

oi DS3 bit streams. For exan^le, OC-12 equipment will fibers 220 to be mapped onto ou^ut DS3 streams operating 

transport 12 DS3 bit streams, OC-18 will transport IS DS3 at full capacity. Ahfaough each optical fiber 220 has a 

bit streams, etc. It would also be possible to use an asyn- capacity of transporting up to 16 fully loaded DS3 ATM 

chronous optical protocol 3^ streams, at least one optical fiber 220 from two or more VIPs 

The preferred embodiment uses super trunk transmitters typically will not be operated at c^adty, when broadcast 

and receives manufactured by Broadband Technologies, VIPs do not offer an even multiple of six channels or when 

Inc. of Research Triangle Park, N.C. Ibe preferred sapa using the optical fibers have varying bandwidth 

trunk transmitters perform a bit stream intedeave type requirements over time. Tbc ATM edge device 226 pro- 

imiltiplexing. The prefenni super trunk transinitters (STT* s) 40 cesses all incoming DS3 bit streams from all of the optical 

218 are capable of receiving DS3 bit streams from up to ^hm 220, and m^s the ATM cell streams from diosc inputs 

sixteen sources, for example up to sixteen source systems ^ one and preferably sixty-four condensed, or 

11. Each super trunk transmitter 218 combines those DS3 combined DS3 output bit streams for further transmission 

rate bit streams into a single higher rate bit stream, converts through the networL Thus, the ATM edge device is able to 

that electrical stream into an optical signal stream and 45 the optical fibers 229^ to 2294 serviced by the 

transmits the optical stream over a fiber, such as 220. The STT*s 228i to 2284 to fully load ttie downstream broadcast 

optical fibers 220 eadi transport up to 16 DS3 streams, capadty of the network. 

wherein each DS3 includes six 6 Mbits/s MPEG U encoded The ATM edge device 226 ou^s each groomed DS3 

transport streams, for a maximum capacity on the fiber of 96 stream to one ir^vut of a super trunk transmitter (SIT) 

channels per fiber. ^ similar in structure and operation to the STTs 218 discussed 

According to fiie pefored embodiment, the network above. In a preferred embodiment, each DS3 firom the edge 

includes a plurality of parallel trunkfibcrs 220 fromdifFocnt device 226 goes to one input cxf the four STT's 228^ to 2284. 

SIT's 218 servicing a variety of VIPs. Each fiber 220 goes The prefored embodiment can cany up to 384 broadcast 

to a super trunk receiver 224. A different set of input program channels over a capadty of 64 DS3 signal paths 

broadcast broadband (e.g. television) signals are encoded 55 (four fibers 229| to 2294 each carrying sixteen DS3*s in a 

and m ulti p l ex ed in a manner similar to that discussed above manner similar to the maTimum possible on each fiber 220). 

to produce the combined DS3 bit stream (up to 96 channels) la that embodiment the STT's 228i to 2284 receive the 64 

for transport over eadi respective <^cal fiber 220. Hie DS3 ATM streams from the ATM edge device 226, and 

network preferably will service up to 50 VIPs. ou^ut the ATM streams over four parallel optical fibers. 

The trunk fibers 220 are routed to super trunk receiver 60 SONET or other protocols could be used on the fibers 229^ 
224, each of which recovers up to sixteen DS3 bit streams to 2294 and/or the network could include additional fibers, 
from the corresponding optical signal streanx Each super The ATM edge device may oonqnise a relatively small 
trunk receiver 224 supplies each recovered DS3 rate stream capacity ATM switch. A more detailed description of the 
to one input node of the ATM edge device 226. The preferred ATM edge device and its operation is disclosed in corn- 
ATM edge device 226 receives at least sixty-four I>S3ii9>uts 65 monly assigned U.S. patent application Ser. No. 08/380,744 
from the STRs 224. The ATM edge device 226 performs filed Jan. 31. 1995 entitled "FuU Service Networi: Ushig 
policing and grooming on the ii^ut ATM cell streams. Asynchronous IVansfer Mode Multiplexing** (attorney 
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docket DO. 680-109), the disclosure of whidi is incmpoiated 
herein in its entirety by refercQce. 

The ATM edge device 22^ ouqxits at least one DS3 stream 
of combinedATM streams and preferably 16 such streams to 
each of four super trunk transmitters (STT's) 228^ to 2284. 
The ATM edge device 226 will preferably ou^ up to 64 
DS3 bit streams to the four STT*s 228^ to 2284. Each 
particular STT 228| to 2284 combines the input DS3 bit 
streams Into an optical stream^ in a manner similar to that of 
STTs 218. for transmission on one of the four fibers 229| to 
22^4. 

The signal stream 00 each optical fiber 229^ to 2294 is 
G^lied to a bridge circuit 291 (FIG. 8B) to sq^pty the 
optical signal stream through conespondlng trunk fibers to 
a large number of Host IMgitai Terminals (HDT^s) 230 
distributed throughout the serving area. The bridge drcultiy 
includes passive bridging elements and may include active 
bridging elements. 

The prefened embodiment utilizes HDTs manufactured 
by Broadband Technologies, Inc. ci Research Triangle Park, 
N.C. Each HDT 230 handles up to 256 subscribers by 
switching DS3 bit streams carrying selected foogram chan- 
nels onto optical fibers to up to 32 optical network units 232 
(ONUS). The ONUs 232 transfer the I>S3's over respective 
coaxial cables to subscriber terminals for display on asso- 
ciated television sets. 

The downstream optical fibers 233 from the HDT 230 to 
each connected GNU pitfcrabty transport 24 DS3 ATM cell 
streams, e.g. using OC-24 SONET coiiq>liant equipment 
Together, the downstream fiber 233 and iqutream fiber 237 
also provide transport for 2-way telephone communications 
and 2-way signaling channels. In an alternate embodiment, 
the network might use a signal fiber between the HOT and 
each ONU and provide both downstream trafiSc and 
iqjstream traffic on that one fiber. 

Id the illustrated embodiment, the downstream optical 
fiber from the HOT 230 to each ONU 232 may use either an 
asynchronous ofticai protocol, or the synchronous (SONET) 
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signaling channel on the coaxial cable 240 is in a different 
frequency portion of the spectrum fcom the downstream 
DS3 transmissions. The ONU combines all of the upstream 
signaling packets from subscriber drop cables 240 into a 
digital data stream and transmits that data stream together 
with digitized upstream tel^ihone service signals over the 
upstream fiber 237 to the HOT 230. 

Eadi set-top 100 comprises a DET and NIM. as discussed 
above. In this embodiment the NIM connects to the coaxial 
drop cable 240 to send control signals to the ONU 232 and 
receive video and data signals from the ONU 232. The NIM 
includes means to sdectivdy demodulate received data from 
an assigned one of the three DS3 slots on the coax cable 240 
and an ATM demux for mapping ATM cells btick into the 
15 cQxrespottdingMFCG packets. As discussed above, the DET 
includes an MPEG n audio/video (AA^) decoder. 
Specifically, the ATM demux captures and processes ATM 
cells bearing specified VPI/Vd header inf onnation coac- 
sponding to the selected program cfaannel from the DS3 
streanL The MPEG H decoder in sequence reconstructs the 
firames for a particular program from packets bearing the 
appropriate FID value, decoo^resses the con^ssed digital 
video information, and displays the decompressed digital 
video information in the appropriate fomsL 

Each set-top 100 includes means to receive selection 
signals from a user via remote control, aiid as noted above, 
the set-top responds by transmitting appropriate data signals 
over a narrowband signaling channd on the coaxial drop 
cable to the ONU 240. According to the prefeacd 
embodiment, the narrowband signaling cfaannel uses X.25 or 
a consumer electronics (CE) bus protocol With the CE bus 
protocol, for example, the active set-tops 100 are assigned 
signaling time slots by the HOT 230, and each active set-top 
100 transmits cfaannel selection data upstream to the ONU 
232 in its assigned slot. 

The ONU 232 multiplexes the data signals from the 
set-tops it services together and transmits Oiosc signals to the 
HDT 230 over an upstream cfaannel on an opdcal fibeL If the 
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OC rate transport The ONITs 232 provide appnpnatt ^ ^^^^^^JH^^^^^^!^ sig^nalsjtoc 
interfacing between ttie voice channels on the fibers and ^ * "^"♦'*'—- 

twisted wire parr 234 for tdcpfacmc scxvioe into the sub- 
scriber premises. 

Each video infonnation user (VIU) premises 236 is pre- 
assigned three DS3 slots 00 die downstream fiber from die 
HOT 230 to the ONU 232 for broadband service. Each home 
or living unit 236 is preferably allocated a capacity of four 
set-top terminal devices 100, widi diree being acdve at any 
one time. A coaxial drop 240 for each premises 236 carries 
180 Mbits/s baseband digital data, which will simulta- 
neously transport three 45 Mbits/s DS3 bit streams. For a 
particular VIU premises 236, die dirce DS3 channels on die 
fiber frmn die HOT 230 to die ONU 232 and on die drop 
cable 240 are individually assignable to different set-tops 
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data as outlined above, and stores data identifying each 
subscriber's selections for subsequent periodic uploading to 
a Video Administration Module ( VAM) 242. The HOT's 230 
connect to die VAM dirough a first X.25 packet data 
communication networic 246. 

The <q>erations of each HOT 230 are controlled by data 
tables stored within die HOT. The video Informadon pro- 
viders (VIPs) provision various services for dieir subscribers 
by establishing appi oxal ate miqjping and profile data in the 
tables in the HOT*s 230. The VIPs, however, do not have 
direct access to the dau tables widdn the HDTs. Instead, die 
VIP*s access die VAM 242 through a personal counter 
interface 244 and the X2S data ccnmumication network 
246. The VIPs 210 provide provisioning data through die 



IH widiin die subscriber's premises 236. The ONU 232 55 c^wations and suRwrt system (OSS) 244 to die VAM 242. 



perfonns opdcal to electrical conversion, separates out die 
DS3 's received over the downstream optical fiber 233 from 
die HOT 230 and supplies the selected DS3 bit stream to 
appi o pil ate cfaanneb on tfae coaxial cables 240 going to the 
respective subscriber premises 236. 

For narrowband signaling infonnation, the ONU 232 
passes all of die downstream signaling data received from 
die HOT 230 on fiber 233 dirough to all of die coaxial drop 
cables 240. so diat for signaling data die cables look like a 
common bus shared by all of the connected set-tops. In the 
downstream direction, signaling packets are interieaved with 
die ATM cell stream packets. In the upstream direction, the 
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and die VAM 242 periodically dowidoads that data to the 
appn^viate HOTs 230. 

The provisioning data downloaded to the HOTs 230 
includes cfaannel mapping infonnation and subscriber autho- 
rization control information. The cfaannel mapping informa- 
tion specifies what programs are carried on each ATM 
virtual circuit, widiin eadi DS3, on each respecdve optical 
fiber. The HOT 230 accesses die cfaannel mapp^g informa- 
tion in response to each program selecdon by a subscriber to 
route the correct DS3 to the requesdng set-top 100 and to 
inform die set-top 100 as to which virtual circuit widiin dial 
DS3 carries die requested program. The audiorizadon con- 
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trol data indicates which programs each subsoibei is autho- requested chanael from one of ttic trunk fibers onto the DS3 

rized to access, e.g. because that party has subscribed to the assigned to the requesting set-top 190 on the fiber 233 going 

particular program service and is not delinquent in bill to the ONU 232 serving the particular subscriber. The ONU 
payments. When a subscriber requests a program* the HDT ^ ^ turn switches the assigned DS3 on the fiber 233 onto 

230 checks this data to detennine whether or not to supply s DS3 assigned to the particulaT set-top 100 on the drop 

the program to the subscriber's set-top 100. <^We 240 into tfic VIU*s premises 236. The HDT 230 

In operation, the network administration and support addresses a downstream 

persoiSS^ enter the VIP profUe information indudinffte f"^ "^"^^^^^ 

VFWCl assigmnents in a database (not shown) and VPWQ of the requested program within the DS3 

manipiL.thafJJ^basetodc£ra^^ lo ^^A^p^^Jt^' '^^^^ 

for transport of the VIP^s broadcast pjgram cLmels ^^^n^* ^^l^^^^ 

through the netwoik. ITie database then ou^ appropriate ^ ° ^f?^ P^tsjor^ the sdectal pn^ 

information for programming die Am cdg^devi^ 22^5 and 8n«n to produce stand^d^als for dnvmg a television set 

information for pn^gramming the VAM24X The VAM 242 103 or f« rec^ticm of s<rftware. 

periodically updates the actual control tables in each HDT For example, for an operating system download 

230 via communications throu^ the X.25 signaling network <^tion, the VWVCl vahie would identify ccUs relating to 

246. In particular, the data downloaded to the ma's 230 channel 0, and the PID value would identify the program 

indicates the DS3*s on each fiber. The data downloaded to ^® operating system for the particular type of 

the HDTs 230 also indicates toe VFWCl values for each The NIM 101 (HG. 6) would select cells having the 

program channel within eadi DS3. In the preferred » specified Wl/VCl vahie and adapt those cclb back into 

embodiment, the data in the HOT wiU abo include an initial discussed above. The NIM 101 hands off 

PID value used in capturing and decoding the MPEG D ^® ^ Mbita/s MPEG tranqnirt stream for channel 0 to the 

packets for each jwogram channel, e.g. the PID vahie for die 127. In the jtfcfcrrcd embodiment, 

program map packet for the particular program. ^ contains the audio and video information for the 

the set-top transmits an Bpraiopriate signalinK message 5?r« i f Z_ '»^""^» 

»k- HiYT '>«A '^■arrr ^J^^ui euj ^ ^'^^ ^ caftOK and pocess the packet contauiiiig the 

upsttcamtoftc fflXT 230. The ITOT stcaes a teUc of yaUd aiap^e. and uses the data from that tabte to 

equ,»ncDt ID', for flic sct^sU services. Hie sipuUmg padLJwntellgtoe aid 

message traosmitted to the HDT 23* at tun-on includes the ai. -n.. ^J^^^^l^^tt^.^A^^vprn, 

equipinent ID for the particular set-top IH. When the HDT » ^ff^f^Tt^-^^^^T^'^fJ^^""^™, 

aOreceives the initiidsignaliiig me^e from the set-top. Jf ^ ^. 

•he HOT executes a routiSStialiS'tbe set-top. As 3 g^S toSlSnt T^d^T^S^ 

of this initialization routine, the HOT 230 validates toe "!^„^ * 

$et-topequipfflentIDandassignsone«ftfaeDS38lo(soatfae ^ » ^TT*"^ „^ ,^ ^ , 
downstream fiber 233 to the ONU 232 to that set^opf. as « . ^^"^ l^J^^' * *^ 
longasthatset-topremainson.AI«).oneaftheDja^.onthe "J^* f "^P**' ^ "^f" *? *° 
subscfiber's coaxial dn^ cable 240 from the ONU 232 is ^'"^ partjcutopn^ams. Tie set-top 10« pro- 
assigned to the set-*)p 190 for the duration of commiinica- ^ »? ,'"T^.'"1 *^ 

the coaxial caUe into the VIU s premises 236; and from that 

A.rt. .TTv..«iiw -.. , 40 DS3, the set-top IW captures cells having the VPI/Va 

,A^^«^tunc,thcmfT2» wffl complete a two-way ^ ^ „^ ^ , 

flgnahngconunumcationllnk^ Ae DBTin thepartiailar ^ ^ ,a«m«ls, if Ihe newly selected 

l««V^»f«^«° •»» •hepactets is in the DS3 stream abeady going to the suhsmV 

rdatmg to tte agnahng 0^ we Identified 1^ header Mor- .r's set^top, die HOT 23« provides fte s«Sop with the new 

^on f»^g A= partKnibr link. L^. a dgoattjgld^- vPWOVatoe and FID Value for the n«; ch«meL n« 

f .r ^ th« «,mnjnmcation bttwe«i the HOT 230 100 can begin immediately capturing «id processing 

and fte p^tiaO^s^^ tM. As part of the initialization cells bearing the ^ VHWa irf^toa^ pa^load da^ 

r^nS? "^^-^'IZr^ "^"^"^ thoseteUs to iresent the i«ogramtotte usa via the 

«cf™^^ ^n^1;%c^ tdeatilymg the signaling diannel ^levision set or pafbnn a softw« download operation, as 

assignmeiuandtheraa Msigiimcnt Speafi^^^^ ^ necessary. If the Jdededduumd is not in the I»3«Lntty 

signahng Imt the TOT 230 assignsAe n«t id^e signaling going tothe particular sct-top 100, then the HOT 230 wifl 

ID totfiis caUandinfonnstheDBrof thatsignalmgO) ^wA the for die n^w channel from die coirect 

assignment. incoming optical fiber onto die DS3 assigned to tlie set-top 

When a subscriber selects a broadcast prog^. the sub- on the fiber 233 to the ONU 232. The ONU 232 supplies that 

sctiber's se«-top 100 transmits a channel request message, a new DS3 to the set-top via die cunently assigned DS3 slot 

including the equ^ment ID (tf that set-top and channel on the subscriber's coaxial drop cable 234 so diat die set-top 

selection information, upstream through die signaling link to 100 wiU begin receiving the new DS3. ThitMigh the down- 

die HOT 230. Using portions of die stared data tables, die stream signaling channel, die HOT 230 also infoims die 

HOT 230 checks to determine if die particubr set-topis set-top of the new VIWCI to permit the set-top to capture 

permitted to access the lequcsted channel The access ded- ^ and process cells and begin decoding payload data from 

sioo may rdate to whedier ornot the VIU has subscribed to those ceUs to present die newly selected program to the user 

die program service requested. Alternatively, die HOT 230 via die television set 

may execi^ a PIN/jpassword routine discussed later to xhe piesendy preferred network embodiment also pio- 

detcrmine if the poson eaiirendy operating die set-top is vidcs tran^ort for interactive broadband services sudi as 
allowed access to die particular broadcast program service. „ video-on-demand and software downloading tfirough point- 

If the subscriber Is permitted access to the requested to-point connections in accord with die disclosure of die 

channel, the HOT 230 switches die DS3 bearing die 08/250,791 parent application, lypically. die network car- 
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lies sudi stxvices dfoed by two or more IMTV VIPs. As The set-top IW next sends an initiatioD or *heUo' message 
shown in FIG. «B, an ATM switch 250 provides a bit strcana to the Level 1 Gateway 252 that includes basic information 
cairying one ot more DS3's containing ATM cell streams to including the set-top ID and a set-top type designation. The 
each HDT 230, to provide point-to-point connections for Levd 1 Gateway 252 interacts with the subsoiber through 
such services. As discussed in mare detail below, the access 5 the set-top 100 to obtain a selection identifying one of the 
through this switch 250 is controlled by ttie Lcvd 1 Gateway MTV services providers. 

(LI OTWY) 252. The Level 1 Gateway 252 may ^ecute a PIN number 

Each non-broadcast ot INTTV service provider preferably access routine, if the subscriber has previously requested 
has aLevel 2 Gateway (L2 GTWY) 260 and some fonn of such access control for selected ones of the VIPs. For 
file server 262. Typically, the VIP will store volumes of simplicity here, it is assumed that the currently selected VIP 
MPEG n encoded material in a variety of memory devices is not subject to such a FIN number requirement The Level 
which form the server. An IMTV VIFs equipment prefer- 1 Gateway 252 is merely expecting to receive the VIP 
ably outputs ATM cell streams, encoded in the manner selection input from the set-top 100. e.g. In response to a 
discussed above with regard to FIGS. 1 and 2, to the ATM mtSM display, within a predetermined period following the 
switch 250 for transmission through the networt. menu transmission. If the Level 1 Gateway 252 receives the 
Alternatively, if the provider's equipment transmits only " selection input message from the set-top 100 within the 
MPEG H bit stream data, the network operator would supply predctcimined period, the Level 1 Gateway 252 translates 
an interworking unit similar to the ATM nmltiplejicr 29 message hito tfie 4 digit code for the selected VIP's 

discussed above to convert the service provider s hit stream . ^ j Gateway 260 

data into a DS3 containing one or nKSCc ATM cell streams ^ ^. * \^ \c *u xm • 1-** a- i -..-i 1 

o^mpSSle wi^ the FUU sivice Network. The AIM switch 20 Once the selectian of the VIP is conj^lete^^I^el 1 
SSsmits selected Am cells on the one or mire DS3 Gateway 252 J"?^"* 
streams through an STT and an optical fiber going to the communicate wth die selected VIP^s Level 2 Gateway 260 
111^1230 serving a particular VIU who requested a session aad indicates that it has a customer caUmg. The Level 1 
with the particular IMTV VIP. As part of its routing Gateway 252 identifies the customer to the Level 2 Gateway 
cpcrations. the ATM switch 250 performs policing and 15 260 by sending die 10-digit billing number few the calling 
grooming functions of the type performed by the ATM edge set-top 100. The Level 1 Gateway 252 also transmits set-top 
device 226. identification information and set-top type information for 

To establish a broadband oomnmnication session <x con- the particular set-t<^ 100 to the Level 2 Gateway 260. TTie 
nection through die n<^offc between an interactive infer- VIP's Level 2 Gateway 260 may accept or reject the call 
mation service provider 210' and a particular set-top 100 30 after receiving the initial request indicating availability of 
requires establishment of a virtual dxcuit through the AIM the identified customer. If accepted, tihe Level 2 Gateway 
switch 250 and the qspropriate HOT 230. m the nctwOTk of 260 sends a message back to the Uvcl 1 Gateway 252 
RGS. 8Aand 8B. a PVC controller 254 stores data tables indicating acoe|>tancc of (he call and provides the Level 1 
defining aU possible virtual circuits through die ATM switch Gateway 252 with a server ou^ port Identification for the 
250 to the HOT'S 230. These data tables define die header 35 portonthescrvBr262 which will service die broadband call, 
information and die particular fiber output port used to route The Level 2 Gateway 262 may also indicate diat one of a 
cells to the conect HOT 230. The daU tables dius define pluraUty of VPWa vahics assigned to this VIP should be 
*^>ermaDent virtual drcoits** (FVC's) between the providers allocated to this particular session, 
and the set-top terminal devices. The PVC controller In response, die Level 1 Gateway 252 transmits the X. 121 
includes current VPIA^O data available to each VIP and an 40 address of the calling customer's set-top 100 to the Level 2 
ongoing record of which VFIA^O values are in use. Thus, Gateway 262 The Levd 2 Gateway 262 uses fiiat address to 
at any gWen time die PVC controller 254 knows what initiate a new signaling communication through die X.25 
VFI/VCI values are available and can be assigned dynami- network to the HOT 230 and the set-top 100. The signaling 
cally to provide requested bandwidth for each new IMTV call to die level 1 gateway 252 is taken down when Level 2 
session. 45 Gateway initiates Us signaling call, after which the HOT 230 

When a subscriber initiates a session widi a broadband associates die new X.25 signaling call from die Level 2 
interactive service faovider, die subscriber's set-tc^ 100 Gateway 262 with tfic established signaling caU between die 
provides an qjproptlatc "off-hook^ dgnal to the HOT 230. HOT 238 and die calling subscriber's set-top 100 and 
The HOT 230 sends die message duroufiji the X.25 packet performs any necessary protocol conversion. For example, 
switched network 246 to die Level 1 Gateway (LI OTWV) so the HOT places downstream signaling data ftom die X.25 
252. When die Level I Gateway 252 receives the addressed call in packets identified widi die signaling caU ID assigned 
message fiom die HOT 230, diat Gateway uses die billing to the subscriber's set-top 100 at tum-on and transmits diose 
number ID of die set-top included in die message to dieck packets dirough die downstream fiber 233 to die ONU 232 
its intonal database to determine if the caller is a valid u<l <he coaxial cable 240 to die subscriber's premises 236. 
netwoik customer. If the caller is not a valid customer, die 55 The Level 1 Gateway 252 interacts widi die PVC con- 
system tears downs die session. If die caller is a valid troUer 250 to obtain die bandwiddi through die Am switch 
customer, die Level 1 Gateway 252 transmits a call accept 250. The Level 1 Gateway 252 advises die PVC controller 
message back to the set-top terminal 100 and waits for the 254 of die server port ideotificadon. The Level 1 Gateway 
first application level message. Once the call is accqjted, an 252 may advise die PVC controller 254 of die WWVQ 
X.25 signalling link is provided between the HOT 230 and 60 value if such was assigned to die session by the Level 2 
die Level 1 Gateway 252 for purposes of carrying signaling Gateway 262. Alternatively, the Level 1 Gateway 252 may 
information between die set-tc^ 100 and diat Gateway, and obtain a VFI/VQ for the call from internal data or from die 
die HOT 230 internally associates that signaling call with die PVC controller 254, and dien die Level 1 Gateway 252 
signaling call over die fibas 233, 237 and the coaxial cable suppUes die assigned VPWO to die Level 2 Gateway 262 
^.i.e. die signaling link set up from die HOT 230 through 65 The Level 1 Gateway 252 also Informs die HOT 230 cf a 
die ONU 23 to the set-top 100 when the user turned on die DS3 and VPWO value on the fiber from die ATM switch 
set-top tcrminaL 250 to the HOT 230 which is assigned to diis broadband 
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intmcdvc call. If the ATM switch 256 translates the VFI^ the level 2 gateway will transmit an operating system rewrite 
va values, the HDT 230 may specify the VPI/VQ value cxxle and the bit pattern through the signaling partion of the 
assigned to this hroadband call on the DS3 on fit>er to HDT network to the microprocessor Uf. Subsequent data 
236. Alternatively, the level 1 gateway 252 or the PVC received over the broadband channel is routed to the micro- 
controller 254 may administer the VPWCI on that fiber and 5 processor 110 and used to rewrite approfviate portions of the 
provide this value to ttie HDT 230. operating system. 

The HOT 230 switches the identified DS3 from the fiber For a selected VIP's level 2 gateway without access to the 
from the ATM switch 250 to the DS3 assigned to tiie operating system but requiring one or more module versions 
subscriber's set-top on die fiber 233. The HOT 230 also not currenay resident in the non-volatile memory 121 in the 
transmits a signaling message to the set-top 10# indicating iq DEF 102, that level 2 gateway would instruct the DEF to 
the ccMTect VPI/VQ for the cells carrying the downstream access a neutral third party level 2 gateway and server or to 
broadband transmissions. This procedure establishes a vir- initiate an operating system download using a broadcast 
tual circuit through the netwo^ as a logical point-to-point channel, to obtain the roodule(s) needed for compatibility 
communication link between the selected IKfTV VIP*s with the selected VIP*s service applications. The DET 102 
equipment and the calling set-top 100. The HOT 230 may ts would execute the operating system download, obtain the 
provide the DHT with an Initial FID value for use in requisite operating systemmodules, and then initiate another 
decoding MPEG packets for the session. Preferably, the session with the selected VIP's level 2 gateway and server, 
level 2 gateway and server Interact with the set-top 100 If the operating system is compatible, the VIP*s equip- 
through the signaling channel and the ATM virtual circuit to ment 2M, 262 will download plication software to the 
download an application to die memory in the DET 102. As 20 ^ memory management illustration <^ FIG. 7, 

part of this download, the level 2 gateway supplies either a any L2 level 2 gateway 262 and associated server 260 can 
program number of a FED value needed to decode the MPEG download j^lication program software to the DRAM appli- 
stream. After complete downloading of the IMTV cation memory in the DEF. The downloaded ^licati(ms 
q>plication, the DET boots up into that apfdication. The software controls a wide vari^ of DEF functions in accord 
set-top 100 will process die AIM cells and decode MPEG 25 with each VIP*s services. For examine, this software may 
data carried in those cells in a manner similar to the spedfy the functionality of the user interface (UI), types of 
processing of broadcast service cells, discussed above. transactions to be performed, grq)hic8 styles, etc. Once all 

During the interactive communication session between necessary software resides In memoiy in the DET, die user 
the subscriber and the IMTV VIP, the set-top 100 can begins interaction with the services offered by die particular 
transmit control signalling upstream through the ONU 232, 30 service provider or VIP. 

the HOT 230 and tike X.25 data network to the level 2 The downloaded software from one service provider or 
gateway 260. The level 2 gateway 260 can also send VIP might present menus and prompts in siinple text form, 
signaling information, such as control data and text/ Anodier provider, however, might choose to present menus 
grqihics, downstream through the same path to the DET 238 and prompts in a much more graphical form approadiing 
or preferably as user data inserted in the MPEG n broadband 35 virtual reality. One user interface for interactive services 
data stream. For downstream transmission, the server 262 might emulate a shopping mall. The precise presentation to 
and/or an associated interworidng unit (not shown) will the user displayed on the television set is determined by the 
provide AFM cells widi an appropriate header. The ATM application software downloaded fay the service provider 
switch 250 will route the cells using the header and transmit and stored in the DET's system memory 120. 
diose cells to the HOT 230 serving die requesting subscriber 40 Hie FUU Service Netwodc illustrated in FIG. OA and 8B 
236. The HOT 230 will recognize the header as currently wlD also provide narrowband transport for voice and nar- 
assigned to the particular set-top 100 and will forward fliose rowband data services. A digital switch or an analog switdi 
cells throu^ the downstream fiber and the ONU 232 to diat (not shown) will provide standard type plain old telephone 
set-top, in essentially the same manner as for broadcast service (POTS) for customers of Ae FUU Service Network, 
programming. 45 The digital POTS switch provides a DS 1 type digital ii^ut/ 

When a session is first set up, the set4op 100 transmits an output port through Interfaces oonfomiing to either TR008 
initial message identifying itself and identifying the current arTR303. The DSl goes to die HOT 230. The DSl may go 
versions of various modules of the operating system the through a digital cross-connect switch (DCS) for routing to 
DET microprocessor is running. The level 2 gateway 262 the various HDT*s or directly to a multiplexer (not shown) 
examines the operating system module infonnation and 50 serving a particular HOT 230. The multiplexer may also 
detenaines whether each module conesponds to the version receive telqihone signals in DSl fcnnat from an analog 
necessary to run the particular VIP*s application programs. switdi ttiroug^ a central office terminal The central office 
For example, if die qiplicalion programs call fct version 1. 1 terminal convots analog signals to digital and digital signals 
of the graphics driver, those appUcations may not nin to analog as necessary to allow communication between die 
properly on a DET still using version 1.0 of that module of 55 analog switch and die rest of the network, 
the operating system. The identification of die operating Ahhough not shown, the teh^one service mult^lexer 
system modules tticrcforc permits the level 2 gateway 252 to for an HOT 230 may multiplex a number of DSl signals for 
determine if the DET 102 is running operating system trnnsmission over one fiber of an optical fiber pair to die 
noodules compatible widi the VIP's programs. The level 2 HOT 230 and to demultiplex signals received over die odier 
gateway may be able to download updated operating system 60 fiber of the fiber pair. The fiber pairs between die HOT 230 
software throu^ the pcrint-to-point connection using an and the ONU's 232 will also have a number of DSl channels 
q>propdate blt-pattem signal corresponding to LOCK2 to cany telephone and narrowband data signals to and from 
(HQ. 7), if this IKnWIP is die party who originally the subscriber's premises. In addition to die video services 
providedtfieparticulartypeof set-top terminal If die level discussed above, die ONU 232 will provide telephone 
2 gateway identifies one or more modules of the operating 65 signals and appropriate powa to die subscribers* premises 
system needing to be changed to an earlier or later version over die twisted wire pairs 234 connected to subscribers* 
diereof to achieve conqwtibllity with die VlP*s q>plicatiotts. telephone seto 235. 
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A specific causae of a procedure for a broadcast upgrade 
of the operating system in the DHT 192 c^FIG. 6 through the 
prcfoTcd network of HGS. 8A and 8B wiU now be dis- 
cussed with regard to the flow chart of FIG. 9. 

The operating system upgrade can be initiated dthcr 
automatically or manually. The DHT microprocessor 110 
may automatically check some time or cycle value, prefer- 
ably &e passage of a predetermined time interval (number of 
days). As anodier exan^le, the DET microprocessor 110 
could count the number of times the user turns off the 
terminal The microprocessor will initiate the operating 
system upgrade routine after some specified number d 
power-off cycles. Altematiyely, the user may execute a 
specified sequence of keystroloes on the remote control to 
call up a menu. One opti<H] on the menu ts operating system 
upgrade. Manual sdectioo of the operating system upgrade 
feature from the menu would trigger execution of the 
software upgrade routine. 

Once initiated (step SI in FIG. 9), the only difference in 
the two procedures is whether the DET provides on screen 
displays during the iipg;rade procedure. During a manually 
initiated procedure, the DET wiU output some form of 
'Please Wait' message for dlq>lay on the screen of the 
associated television set 103. During an upgrade procedure 
automatically initiated after a power-off input by the usei; 
the output drivers of the 102 are off and there are no 
di^lay messages unless the user turns the set-top back on 
before completion of the upgrade procedure. 

When initiated die DET 102 executes a normal channel 
scOccrion (stq> S2) including the necessary interaction with 
the HDT to select and receive n^oik logical channel 0. 
Once iuned'to channel 0, the DET microprocessor 110 calls 
and executes the upgrade routine from memory (st^ S3). 
The iQ>gFade routine includes the information and instruc- 
tions necessary to extract the operating system information 
from the MPEG data stream for the selected channel 0. As 
noted above* die operating system pctferably is an OS-9 
based operating system. The operating system upgrade 
routine, however, is an assembly language program and does 
not require any of the operating system c4q>aUUties to 
execute. 

To receive channel 0, tiie set-top 100 interacts with &e 
HOT 230 as discussed in detail above so that tile HDT routes 
a DS3 containing channel 0 to the NIM 101. The NIM 101 
executes ATM cell processing to ci^iture tfie cells containing 
the VPi^Q vahie assigned to channel 0 from that DS3 and 
to rec onstcuct the MFEG II packets from the pay load data c£ 
diose cells. Specifically, tiie NIM 101 reconstructs a 6 
Mbits/s MFEG 0 transport stream containing the video and 
audio information for the program guide service as well as 
the data for the software downloading service and siqiplies 
that stream to the DET 102. 

In a typical network operated over some substantial 
period of time, vendors will supply a number of different 
models of set-tops 100 for connection to the network. Some 
different types of set-tops will require different operating 
systems. In the preferred embodiment of the present 
invention, the software data carousel from server 12 contains 
operating system files for a phnality of different types of 
set-top tenninal devices 100. Each DET produced by a 
different manufacturer would identify and c^turc a different 
operating system file contained in die repeating carousel 
transmission by a PID value assigned to that manufacturer' s 
DET. The carousel will also include information identilying 
the version number for each type of set-top and identifying 
die appropriate PID value for tiie packets containing that 
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operating systenL Each type of DET would recognize when 
the version broadcast on the netwodc is different from that 
running in the DET and utilize the assigned PID value to 
recognize and cq>ture the operating system for tiiat DET. 
5 Mofc spcdfically, the MPEG II standard defines a *net- 
work* table which may be up to 256 characters in lengdi. In 
accord with the present invention, the provider of the 
operating system download sovice would populate die 
network table with information identifying die operating 
system version nujhber and the PNTT PID value assigned to 
each type of set-top 100. The MPEG tnt stream for channel 
0 supplied to tiie DET 102 by the NIM 101 will contain a 
program association table identified by FID 0 as well as the 
network table. Part of the information in the program 
association table will identify die PID value for tiie network 
table. 

After initiating execution of the upgrade routine ($tq> S3)* 
the DET 102 fooceeds to dieck die version number for the 
particular type of set-top tenninal 100 being broadcast in die 

20 carousel data stream (step S4). More specifically^ the DET 
102 captures the packet identified by PID 0. Bom tfie 
program association table in that packet the DET 102 
identifies die FID value for the network table. Using that 
PID value, ttie DET recognizes and captures tiie network 

25 table packet from the data stream. The DEI microprocessor 
110 examines tiie data in the network table associated with 
the particular type of set-top to identify the current operating 
system version number being broadcast for the particular 
type and/or model of set-top terminal. The system memory 

30 120 also stores a version number for the operating system 
die DET microprocessor 110 is currently running. The DET 
microprooessor UO compares the operating system version 
numba in the network table witii the operating system 
version number stored in its associated system memory 120 

35 to detennine whether or not they match. If they match, an 
operating system upgrade is not necessary at this time« and 
the processing routine is complete. Therefore processing 
branches to step SIO; and die microprocessctf reboots die 
existing operating system from NVRAM 121, executes die 

40 nonnai set of associated self-diagnostics, and completes the 
upgrade processing. 

However, if in st^ S4 the version numbers do not match, 
then die DET proceeds to extract data, etc. to upgrade die 
(gating system widi the version currentiy being provided 

45 by the network (step S5). The version check decision as to 
whetiier or not to complete die upgrade worics botii back- 
ward and forward to confonn the current version running in 
the DET 102 to tiie version offered on die network. The DET 
wili proceed with the upgrade if the version number on die 

50 network is different firom the cuirentiy stored version, 
whetiier die cuirenti^ stored version number is lower (older) 
or higher (newer) than the number of the version on die 
network. 

Tb perform ttie extraction step, the DET 102 needs die 
55 FID value for tiie packets containing die relevant operatbg 
system file. The data in the program map table identifies the 
FID value(s) for the packets containing the download data 
for the operating system upgrade. The necessary FID value 
may t>e stored in memory, ddier througli signaling commu- 
60 nication between the set-top 100 and the HDT 230 or as part 
of die upgrade routine. Alternatively, the DET 102 may store 
a program number and access the program association table 
(FID 0 packet) in the streanu to obtain the PID value for die 
program map. In die preferred embodiment, however, die 
65 DET 102 captures this information from the network table 
packet More specifically, die DET miaoprocessor 110 
processes die nm^ork table to identify the FID vahic 
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assigned to fee particuUr type and/or model of set-top RAM 122 to tbt valid bit pattern stored in ROM 115. If the 

tcaminal device. Using tiic relevant PID value from tlie received code matches the stored code, then die micxopro- 

network table packet, the MPEG demux 127 recognizes and cesser will proceed with the upgrade opciation. If tficre is do 

captures the packeU containing the opaating system data match, the microprocessor may repeat the extraction proce- 
file f<y the paaticular type of set-top 100 and forwards those 5 dure one or more times or terminate tfie upgradcioutinc 

packets to the DBF microprocessor UO. if ^ checksum result in step S6 is valid (and the 

In the preferred embodiment, the data is formatted into associated bit pattern check is valid), there are no errors in 

individual Uocks. one of which is identified as the start of the extracted (gating system, and the microprocessor 110 

the data file. The microprocessor 110 utilizes Ihc *start* halts execution of the old operating system running from 

indication to capture one copy of the entire data file in NVRAM 121 (step ST). Assuming that the non-volatUe 

sequence in the RAM 122. Alternatively, the blocks could memory 121 is a flash memory, the running of the existing 

include a number identifying their location in the sequence, operating system is terminated by shutting down operation 

allowing the DET to c^ture blocks out of sequence, store of die memory. Under control of die assembly language 

the blocks and rearrange the blocks to compile &c entire upgrade routine, the microprocessor 110 copies the opeiat- 
desired sequence. 15 ing system, sector by sector, from volatile RAM 122 into die 

The oon-volatile RAM 121 comprises 1 Mbyte of memory aon-vdatile RAM 121 (step $8). In the 

memr»y, although sector 0 is write-protected and does not currendy preferred inq)lementation, it takes approximately 

store a downloadable pcotion of the operating system. An 30 seconds to write 1 Mbyte of flash memory. 

MPEG n packet stream containing die operating system and As noted above with regard to FIG. 7, a specified bit 
associated overhead (packet headers, program m^, etc.) ^ pattern is needed to authorize overwriting of certain sectors 

may require 1 Mbyte of transport data. TVansmission<rfsudi of die flash memory 121. The operating system upgrade 

an operating system would require 8 Mhits of transmitted routine, preferably stwed in ROM 115, includes the bit 

information. Assuming, as a sin^lified exanq>le, a 1 Mtiits/s pattern needed to amhorizc ovowriting of all sectors except 

tinougjiput rale for the downloading, the entire operating sectw 0. Id operation, each sector of flash memory that is to 
system file therefore requires 8 seconds to transmit The " be rewritten is erased, and new code is written into that 

transmission is oontinuousiy repeating. Assuming for a sector from the RAM 122. 

moment that only one operating system is rq«ating in die Qnce die operating system is fully loaded into die sectcas 

data carousel transmission, if die DEI microprocessor of die flash memory, dien die microprocessor executes 
^te^ to cq)ture the operating system just after die anoUicr checksum operation (step S9). If die diecksum 
Identifier, die nAm^occsscf may have to wait ahnost an ^ operation produces a VaKd' result indicating no oiors are 

«ti« 8 seconds b^e reed present in die cperatiAg system now loaded into flash 

begmnkg of another repetition of the opmting system memory Ul, die operating system has been successfully 

tomsmission. Using a sequential acquisiUon begmning wifli loaded, and die miooprocessor 110 flierefore initiates a 

J^n^In Sii'^t r " ^ 35 «>"^« ^ ^ *e reboot, die 

seconds to complete, in die worst case. ^^^^^jp^,,^, ^^^^ opcr^ system 

The more operating systems carried on the data carousel from the flash memory, aikd the upgrade procedure is com- 

^licadoo, die more time is required to cyde through the plete. 

entire sequence of data flies to c^ture die complete file In die disclosed operation, die microwocessor 110 

dcmed. Cootinuuig widi die sln^Ufted exan^lc, if die ^ attempts to write die operating system from die volatile 

broadcast caroiwel contained duee operating system files of raM 122 to die non-volatile RAM 121 (flash manory) only 

yproxunately die same size die wors t case time to capture if the diecksum procedure executed after extraction of data 

the complete file might be 48 seconds. ^om Uie broadcast (step S6) indicates rectption and cxlrac- 

The DET mlcn^proccssOT !!• loads die captured operat- tion of an error free copy of die operating system. The copy 

ing system file into volatile RAM 122. The DET micropro- 45 of die operating system in die RAM 122 dicrcfcre should be 

oessor 105 dien peri onus a checksum operation on die data ernn* five, and a failure to oonectly write die operating 

file to determine if diere are any errors in die received data system to the fla^ memory generally results from a tcm- 

(step S<Q. If die checksum resolt is not valid, indicating porary writing error. If the checksum following a write 

enors in die extracted copy ofdie operating system stored in operation to die flash menoosy foils, dien die micropsocessor 

die RAM 122. then die microprocessor 110 returns to step 50 110 returns to step S8 and attempts to reload the operating 

55 and again extracts die rdevant operating system file from system into die flash memory 121 fixMndie volatile RAM 
die broadcast carousel Althoug|i die separate steps are not 122. 

aiustrated die micropiDoessor 110 will repeat steps S5 and If die upgrade procedure began automatically after die 

56 up to some prcdetennined number of times. If extraction user turned die set-top 100 'OFF*, dien die DET 102 returns 
IS not sucocssfid as indicated by a vaUd checksum in stqj S6 53 to its low power stand-by state after reboot If die upgrade 
tjy die predetcrmmed number of attenqits, die microproces- i^ocedure began as a result of the manual activation, dicn 
sw wdl terminate running of die upgrade routine and will die DET 102 utilizes die last channel viewed data to resume 
rcbwt die existing operating system still stored k die audioAddeo output. Since die upgrade routine utilired a 
^^^'^^^ ^\ channd selection procedure for channel 0. die DBF 102 will 

The operating system file downloaded dirougb the net- 60 begin outputting the signals to display the audio/video 

work also includes a bit pattern code used to indicate that the infoxmation for the program guide from that channel, 

data is a valid operating system far the particular type of As noted above, in a manually activated procedure, die 

set-top to use to upgrade die operating system. The upgrade DET wiU produce a 'Please Wait' type display on die 

routine stored in ROM 115 in die DEF 102 wiU include dds associated television set 100. AWiough not shown as a step 

bit pattern code. As part of die checksum procedure S6 or as 65 in die process of FIG. 9, diis dispUy to die user is initiated 

a separate step, die miooprocessor 110 compares die hit prior to bringing down die opaating system. Specifically, 

pattern fixim die broadcast operating system now loaded in while still running undtx die old operating system, die 
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micropioocssQr 110 provides data through (he graphics 
overlay controller 133 to fill the video RAM 135 ^th the 
desired display infonnation. While the operating system is 
down and being rewritten, the contents of the video RAM 
135 would remain unchanged and cause the displny to 5 
persist on the output to the associated television 103. 

When the reboot operation is complete, the DHT begins 
execution of the new operating system. As a result* the DET 
will replace the 'wait* display with new video infonnation 
from the last selected channel. In fte present drcumstances, 
the last channel selected through an interaction with the 
HDT was channel 0. However, since the DFT is now 
ru nnin g the operating system instead of the software 
upgrade pcogram, ^e DET will search for and decode 
packets containing audio and video infomation, in the 
normal manner, and ignore packets having FID values 
associated with data. After the reboot, the DET therefore will 
begin displaying video from that same channel^ albeit by 
processing the video and audio packets from tiie MPEG 
stream. As noted above^ the actual video and audio on this ^ 
channel i^eferably relate to a program guide service. 

As noted above, when the user turns the box *OFF, the 
microprocessor 110 turns off the various ou^ drivers 
thereby terminating the television display functioaality. lb 
the user, the set-top 100 appears off. The micraprocessor 
110. however, reinains powered and as part of its self- 
diagnostic routine can determine wh^her or not an operating 
system upgrade is necessary. Jf an upgrade is automaticaliy 
initiated, e.g. after 10 'OFF cycles by user command, die 
set-top 100 can interact with the HOT 230, check the 30 
network operating system version number for the particular 
type of set-top and execute the operating system upgrade 
procedure as discussed atxive, without the user being aware. 
If the user turns the set-top 100 'ON* during the automatic 
upgrade procedure, the DET 102 wiH provide the please wait 35 
display, complete the upgrade procedure and boot up in the 
new opo-ating system. 

While this invention has been described in connection 
with what is presently considered to be the preferred 
embodiments, it is to be understood that the invention is not 40 
Umiled to the disclosed embodiments, but on the contraiy, 
is intended to cova various modifications and equivalent 
arrangements included within the spirit and scope of die 
appended claims. 
We claim: 4S 
1. A set-top tcnninal device comiKising: 
a network interface module adapted to couple the terminal 
to a communication network for receiving at least 
selected ones of a plurality of broadcast digital bfoad- 
band channels at least one of ^Mich canies audio/video so 
program Information in conqxessed, digital form in 
packets of a standardized format and at least one of 
which carries cyclically rqietitive transmissions of 
operating system software in packets of the standard- 
ized format wherein said network interface module 55 
receives an Asynchronous Transfer Mode (ATM) cell 
stream and extracts packets of the standardized format 
from payloads of ATM cells; and 
a fttgital entertainment terminal comprising: 

(a) an audio^ridco processor responsive to at least some 60 
of the packets extracted by the netw<vk inteifaoe 
module for processing the compressed* digital audio/ 
video program infonnation; 

(b) a memory; 

(c) means for receiving ir^uts from a usa; and 65 

(d) a control processor controlling operations of the 
set-top terminal; 
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wherein said control processor captures said operating 
system software from at least some of the packets 
extracted by the netwodc interface module for one of 
the selected digital broadband channels wittdn a traiis- 
mission cycle, loads the cqstured operating system 
software into the memory and begins operation in 
accord with the operating system software loaded into 
the memory, said control processor controlling fiie 
netwoffk interface module and the audio/video proces- 
sor in response to the user inputs in accord with tiie 
operating system software loaded in said memory. 

2. A device as recited in claim 1, ^^exein said memory 
compciBcs a non-volatile random access inemcry. 

3. A device as recited in claim 2, wherein said non-volatile 
random access memory conqirises a flash memory. 

4. A device as ledted in claim 1, wherein said digital 
entertainment tenninai further comprises a random access 
memory storing i^lications software for use by said control 
processor while nmning the <^)erating system software. 

5. A device as recited in claim 1, wherein said audioMdeo 
processor conqirises: 

an audio decoder for decoding conqxressed, digital audio 
infonnation; 

a video decoder for decoding compressed, digital video 
information; and 

a packet demultiplexer for aiuUyzing packet identifiers 
contained in dke packets of the standardized format to 
identify packets containing conqiressed, digital audio 
infonxiation and to route information from those pack- 
ets to the audio decoder, to identify packets containing 
cornpressed^ digital video infonnation and to route 
infonxkatioQ from those packets to the video decoder, 
and to identiiy packets containing operating system 
software and route software from those packets to the 
control processor. 

6. A device as recited in daim 5, wherein: 

the audio decoder comprises an MFBG audio decoder; 
the video decoder comprises an MPEG video decoder, 
and 

the packet dcmuUqvlexer is an MPEG demultiplexer. 

7. A device as redted in daim 5, wherein said network 
interface module supines the extracted packets to the packet 
demultiplexer. 

0. A device as recited in claim 1, wherein said digital 
entertaifunent terminal further comprises a memory storing 
a routine which the control processor executes to control 
capturing of die operating system software. 

9. A communication system comprising: 

a source system conqxrising: 

(a) a proptmi source supplying a broadband program 
signat 

(b) a software server cyclically oolputtiag a data file 
containing an operating system, and 

(c) an encoder system for packetizing the broadband 
program signal and the data file in digital packets of 
a standard format wherein said encoder system 
comprises an encoder for digitizing and compressing 
the broadband program sigrud into program data and 
encq)sulating the propam data in a sequence of 
packets of the standard format a data niodule for 
encapsulating the data file containing an operating 
system in a sequence of packets of the standard 
format and an AsyndiroDOus Transfer Mode (ATM) 
multiplexer for combining the packets contaiidng the 
faroa(tt)and (ffogram information and the packets con- 
taining the data file into a single stream for broadcast 
throu^ the network on a single one of the cfaaimels; 
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a digital network hroadcastiiig a plurality of digital broad- 
band channels, said digital oetwoErk receiving and 
broadcasting the digital packets from the encoder sys- 
tem on at least one of the channels; and 

a plurality sct-tcip tenminal devices, each set-top ter- 5 
minal device conqvising: 

(1) an interface coupled to the digital network for 
receivLng at least a selected one of the channels, 
selectively including at least one diannel carrying 
packets cootainiDg the broadband program lo 
information, and at least one diannel carrying pack- 
ets containing the operating system data file; 

(2) a program signal processor for processing the 
packets containing the broadband program informa- 
tion; 15 

(3) a memory; 

(4) means for receiving inputs from a usa; and 

(5) a control processor controlling operations of the 
set-top terminal; 

wherein said control processor captures said operating 20 
system data file from a selected one of ttie digital 
broadband channels, loads the cultured operating sys- 
tem into the memory and begins operation in accord 
with the operating system loaded into Ifae memory, said 
control processor controlling the interface and the 25 
(vogram signal processor in response to the user inputs 
in accord with the operating system loaded in said 
memory. 

10. A communication system as rcdted in daim 9, 
wherein said encoder for digitizing and con^xessing the 30 
broadband program signal conqxises a real ttmc encoder for 
digitizing and compressing an audio/video program signaL 

11. A communication system as recited in claim 10, 
wherein said real time encoder con^rises an MPEG encoder. 

12. A communication system as redted in daim 9, 35 
wherein said digital network comprises: 

a first optical fiba recdving the digital packets from the 
encoder system; 

a second optical fiber recdWng packets containing broad- 
band program information from another source system; ^ 

a system of optical fibers for tsoadcasting the digital 
packets from the encoder system on at least a first one 
of the diannels and for broadcasting the packets con- 
taining the broadband program information from 
another source on at least a second one of die channels; 
and 

a plurality of host digital tenninals each coupled between 
the system of optical fibers and a group of the set-top 
tenninals for routing sdected ones of the channds to 
set-top terminals in each group. ^ 

13. In a digital network broadcasting packetized audio/ 
video program information through a plurality of digital 
broadband channels to a plurality of digital terminals con- 
nected to the network, a method comprising the st^s of: 

cyclically broadcasting an operating system together with " 
predetermined identification data relating to the oper- 
ating system on one digital broadband channel; 

sdectively recdving the one digital broadband cfaannd 
and capturing the predetermined identification data; ^ 

con^>aELng the captured predetermined identification data 
to identification data stored in one of the digital termi- 
nals; 

based on the results of die oomparison. c^tuiing a copy 
of the operating system from the cyclical broadcast; ^ 

initiating operating of die one digital terminal in accord 
with the captured copy of the operating system; 
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recdving and storing application scftware in the one 
digital terminal via a digital communication link 
through the network; and 

executing the application software under control of the 
captured copy of the operating system. 

14. A method as redted in daim 13. wherein the prede- 
termined identification data identifies a terminal type, and 
the operating system is stored if tiie terminal type identified 
by the predetermined identification data matches tenninal 
type identification data stored in the one terminal. 

15. A mcdiod as redted in claim 13. wherein the pi«de- 
tennined identification data identifies a version number of 
the operating system being broadcast and the operating 
system is stored if the version number identified by the 
predetermined identification data is different fr^ a venion 
number of an operating system previously stored in the one 
terminal. 

16. AmedKxl as ledted in claim 13, wherein the operating 
system comprises: 

a microprocessor operating system; 

at least one driver routine used by a microprocessor to 

control components of a terminal; and 
a resident qiplication controlling at least sdection of 

channds through the network in response to user 

iiq>uts. 

17. A method as recited in daim 13, wherein the digital 
comnmmcation link comprises one of the digital broadband 
channds. 

18. A method as ledted in daim 13, wherein the digital 
communication link oonmrises a broadband point-to-point 
link. 

19. A method ccunprising: 

encoding a plurality of broadband program information 
signals as digitized, oonqiressed data in packet streams 
of a standard f onnat; 

cyclically generating a first data file containing an oper- 
ating system con^rising code executable by a first type 
of terminal and a data file containing an operating 
system comprising code executatde by a second type of 
terminal different in type from the first type of terminal; 

fanning a sequence of packets in the standard fonnst 
including: packets containing die first data file and a 
first identifier, packets containing the second data file 
and a second identifier, and at least one packet con- 
taining data assodatmg the first and second identifiers 
with die first and second types of terminai, respec- 
tivdy; 

broadcasting the packet streams and die sequence of 

packets on a plurality of nuih^exed diannels; 
in a receiving terminal of a predetermined type: 

(a) selectively receiving a diannd carrying the 
sequence of packets; 

(b) capturing said at least one packet; 

(c) identifying the first type of terminal or the second 
type of terminal as corresponding to die predeter- 
mined type d the recdving terminal; 

(d) recognizing die first or second identifier as associ- 
ated with the identified terminal type; 

(e) using the recognized identifier to capture a copy of 
die operating system for the identified tenninal type 
from the sequeooe of packets; and 

(f) executing at least a portion of die code from die 
captured copy of the operating system for the iden- 
tified terminal type to initiate operation of the recdv- 
ing tenninaL the operation of the recdving terminal 
induding recqjtion of a user selected channd car- 
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lylng a packrt stream and processing digitized, comr 
pressed data from that packet stream to present 
broadband program infonnattoo to a user In hunianly 
perceptible fornL 

20. A method as leciled in daim 19, wherein: 
the step of using the recognized identifier to captm a 

copy of the operating system comprises storing payload 
data from packets containing the recognized Identifier 
in random access memory; and 
the step of initiating operation comprises transferring the 
payload data from the random access memory to a 
non-volatile memory, and booting up the receiving 
terminal from the payload data in the nonvolatile 
memory. 

21. A method as ledted in claim 19. frirtber conning 
encoding another broadband program information signal as 
digitized, conqnessed daU in another packet stream of a 
standard forroat. 

whaein the step of broadcasting conqsises: 
multq)lexing the sequence of pack^ and said anodier 

packet stream into one diannd stream, and 
broadcasting the one channel stream tfarou^ one oC the 

multiplexed channels. 

22. A method coniprising: 

encoding a phirality of tooadband program information 
signals as Ai ^rM ooinpressed data in packet streams 
of a standard format; 

cyclically generating a first data file containing an oper- 
ating system for a first type of terminal and a data file 
containing an operating system for a second type of 
tenoinal; 

forming a sequence of packets in the standard format 
including: packets containing the first data file and a 
first identifier, packets containing the second data file 
and a second identifier, and at least one packet con- 
taining data associating the first and second identifiers 
with the first and second types of terminal, respec- 
tively; 

broadx^asting tiie packet strcan^ and the sequence of 
packets on a plmality of multiplexed channels, 

wherein the multiplexed channels comprise Asynchro- 
nous TYansfcr Mode (ATM) virtual circuits, each virtual 
circuit being identified by a different virtual path 
identifierAirtual circuit idendfie? (VfVWCD value; 

in a receiving terminal of a predetermined type: 

(a) selectively receiving a channel carrying the 
sequence of packets; 

(b) o^ituring said at least one packet; 

(c) identifying the first type of terminal or fiie second 
type of tenminal as cone^nding to tlie predeter- 
mined type of receiving terminal; 

(d) recognizing the first or second identifier as associ- 
ated widi the identified terminal type; 

(e) using (he recognized identifier to capture a copy of 55 
the c^>cratlng system f off the identified terminal type 
from the sequence of packets; and 

(f) initiating operation of the receiving tenninal in 
accord with the captured copy of the operating 
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processing ATM cells containing a VH/VQ value assigned 
to the selectively received channel. 
24. A method comprising: 

encoding a plurality of hroacfoand program information 
signals as digitized, compressed data in packet streams 
of a standard format; 
cyclically generating a first data file containing an oper- 
ating system comprising code executable by a first type 
of terminal and a daU file containing an operating 
system comprising code executable by a second type of 
terminal different in type from the fint type of terminal; 
forming a sequence of packets in fiie standard format 
including: packets containing the first data file and a 
first identifier, packets containing the second data file 
and a second identifier, and at least one packet con- 
taining associating the first and second identifiers 
with the first and second type of terminal and first and 
second operating system version numbers, respec- 
tively; 

broadcasting the packet streams and the sequence of 

packets on a plurality of nmltQ>lexed chaimels; 
in a receiving terminal of a predetermined type: 
selectively receiving a channel carrying ttie sequence of 
packets; 

capturing said at least one packet; 
from the data in said at least one packet, identifying &e 
first type of terminal or the second type of terminal 
as corresponding to the predetermined type of the 
receiving terminal; 
from the data in said at least one packet identifying the 

version number for the identified terminal type; 
if the identified version number differs from a version 
number of an operating system previously stored in 
the receiving terminal, recognizing the first or sec- 
ond identifier as associated with the identified ter- 
minal type and using the recognized identifier to 
a4>ture a copy of die operating system for the 
identified terminal type from the sequence of pack- 
ets; and 

executing at least a portion of the code frxmi the 
captured copy of the operating system for die iden- 
tified terminal type to initiate operation of fiic receiv- 
ing tennlnaU the operation of the receiving terminal 
including reception of a user selected channel car- 
rying a packet stream and processing digitized, com- 
pressed data from that padset stream to present 
broadband program information to a user in humanly 
perceptible farm. 

25. A method as recited in daim 24, wherein: 
the step of using the recognized identifier to captXTt a 

copy of die operating system con^viscs storing payload 
data from packets containing the recognized identifier 
in random access memory; and 
the step of initiating operation conqvises transferring the 
payloed data from the random access memory to a 
noD-vdatile menoocy, and booting up the receiving 
tmninal from the payload data in the non-volatile 
memoiy. 

26, A nuthod as redted in daim 24, furtiicr ccKnprisLng 



accord with the ^^^^^^ ^ encoding anodier broadband program information signal as 

system for the identifieyi tenninal type, op«tion of 60 "^^.ed data iSTdTex padxt stream of a 



die reodving terminal induding reception of a user 
selected cfaaiuid carrying a padcet stream and pro- 
cessing digitized, oonqpsessed data from that packet 
stream to present broadband program information to 
a user in hunuuly percqtible form. 
23. A mediod as redted in daim 22, wherdn the step of 
selectively receiving a channel oon4)rises receiving and 
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digitized, compressed data in another packet stream of a 
standard fcomat, 
wherdn die step d broadcasting comprises: 
multiplexing die sequence of packets and said another 

packet stream into one channel streanx and 
broadcasting the one channd stream through one of the 
mult^lexed channds. 
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27. A method con^irising: 

encoding a plurality of broadband program inf onnation 
signals as digitized, compressed data in packet streams 
of a standard fonnat; 

cyclically geoeiating a first data file containing an oper- 
ating system for a first type of (ciminal and a data file 
containing an operating system for a second type of 
terminal; 

forming a sequence of packets in the standard format 
induding: packets containing the first data file and a 
first identifier, packets containing the second data file 
and a second identifier, and at least one packet con- 
taining data associating the first and second identifiers 
with the first and second type of terminal and first and 
second operating system version numbers, respec- 
tively; 

broadcastiiig the packet streams and the sequence of 
packets on a plurality of multiplexed channels, 

wherein the multiplexed channels comprise Asynchro- 
nous Transfer Mode (ATM) virtual circuits, each virtual 
circuit being identified by a different virtual path 
idcntifierAvtual circuit identifier (yPS/Vdj value; 

in a receiving terminal of a predetermined type: 
selectively receiving a channel canying the sequence of 
packets; 

capturing said at least one packet; 

from the data in said at least one packet, identifying the 
first type of terminal cr the second type of terminal 
as CQiresponding to the predetermined type of 
receiving terminal; 

from the data in said at least one packet, identifying the 
version number fcr the identified tenninal type; 

if ttie identified version number differs from a version 
number <tf an operating system previously stored in 
the receiving terminal, recognizing the first or sec- 
ond identifier as associated with the identified ter- 
minal type and using the recognized identifier to 
capture a copy of the operating system fot the 
identified terminal type from the sequence of pack- 
ets; and 

initiating operation of the receiving terminal in accord 
with the captured copy the operating system for 
the identified tenninal type, operation of the receiv- 
ing terminal including reception of a user selected 
channel carrying a pack^ stream and processing 
digitized, compressed data from that packet stream 
to i^esent broadband program Infonnation to a user 
in humanly perceptible form. 
2&. A method as redted in daim Z7, wherein the step of 
selectively receiving a duumel comprises receiving and 
processing ATM cells containing a VFWCI value assigned 
to the selectively reodved channel 
29. A method conqsising: 

sdectively recdving in a terminal an Asynchronous 
Transfer Mode (JOM) digital tsoadcast channel iden- 
tified by a virtual path identifierArirtual circuit identifier 
<VP]/VCI) value and carrying a digital transport stream 
of packets; 

aq>turing at least one packet of data from the digital 
transport stream; 

from the data in said at least one packet, identifying a 
version number for an operating system caziled in the 
digital transport stream; 

if the identified version number differs from a version 
number of an operating system previously stored in the 
terminal, capturing the operating system from the trans- 
port stream; and 
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initiating operation of the tenninal in accord widi the 
captured copy of the operating system, operation of the 
terminal including reception of a user selected ATM 
channd and processing digitized, compressed data 
from the user sdected ATM channd to present broad- 
band program infoxmation to a user In humanly per- 
ccptttMc foniL 

SO. Amethod as redted in claim 29 further comprising the 
st^ of initiating Ae method in response to a predetermined 
user input 

31. A method as redted in daim 29, further comprising 
the step of automatically initiating the method in response to 
a predetermined event 

3Z A method as received, in claim 31, wherein the 
predetermined event is passage of a specified time period. 

33. A method as recdved in claim 31, wherein the 
predetermined event con^Mfises turn-off of the terminal. 

34. A method as redted in daim 29, further comprising 
the steps of: 

counting each occurrence of an *aS* instruction input to 

the terminal from a user; and 
when the count reaches a predetermined value, initiating 
the method. 

35. A communication system conqsrising: 
a source system supplying a broadband pro-am signal, 

and a cydically r4>eating data file containing an oper- 
ating system, said broadband program signal and the 
data file being encoded in digital packets of a standard 
fonnat; 

an Asynchronous lYansfer Mode (ATM) digital network 
teoadcasting a plurality of digiul broadband channels 
in virtual drcuits, each virtual drcuit being identified 
by a different virtual patii identifiex/virtual drcuit iden- 
t^er (VnA^Q) value, said digital network recdving 
and broadcasting the digital packets from the source 
system on at least one of the diannds; and 
a plurality of set-top terminal devices, each set-top ter- 
minal device conqurislng: 

(1) an intoface coupled to the digital network for 
recdving at least a selected one of the cfaannds, 
selectively including at least one channel canying 
packets containing the broadband program 
infonnation, and at least one channd canying padc- 
ets containing the operating system daU file; 

(2) a program signal processor for processing die 
packets containing the broadband program infonna- 
tion; 

(3) a memory; 

(4) means for recdving ii^Mits from a user; and 

(5) a contrd processor controlling operations of the 
set-top tamind; 

wherein said control processor cultures said operating 
system data file from a selected one of the digital 
broadband channels, loads the captured operating sys- 
tem into the memosy and t>egin5 operation in accord 
with the operating system loaded into the memory, said 
control processor controlling the interface and the 
program signal processor in response to the user Inputs 
in accord with the operating system loaded in said 
memory. 

36. A communication system as redted in daim 35, 
wherein said source system con^ses: 

an encoder for digitizing and compressing the broadband 
program signal Into program data and encapsulating the 
program data in a sequence of padcets of the standard 
format; and 

a data module for encapsulating the data file containing an 
operating system in a sequence of packets of the 
standard format 



05/12/2004, EAST Version: 1.4.1 



5,666,293 



47 



48 



37. A commuBicatioo system as recited in daim 36, 
wherein said source system further cosopnses a multiplexei 
for cojnlnning the packets containing the broadband pro- 
gram information and the packets containing the data file 
into a single stream for broadcast through the network on a 
single one of the channels. 
3S. A set-top terminal device comprising: 
a network interface module adapted to couple the terminal 
to a communication network for receiving at least 
selected ones of a plurality ci l»x>adcast digEal t»oadr 
band channels at least one of which carries audio/video 
program information in conqiressed, digital form in 
packets of a standardized format and at least one of 
which carries cyclically repetitive transmissions of 
operating system software in packets of the standard- 
ized format; and 
a digital entertainment terminal comprising: 

(a) an audio/video processor for processing the 
oonqircssed digital audio/video program informa- 
tion; 

(b) an operating system memoiy; 

(c) a random access memory; 

(d) means fox receiving ii^Nits from a user; and 

(e) a control processor controlling operations of the 
set-top tenninal, wherein 

said control processor captures said operating system 
software from one of the selected digital broadband 
channels within a transmission cycle, loads the cap- 
tured operating system software into the operating 
system memory and begins operation in accord with the 
operating system software loaded into the operating 
system memory, 

said control processor cq>lures application software 
received through &e network interface module^ stores 
captured application software in Cbe random access 
memory and executes the stored q)plication software 
unda control of the captured copy of the operating 
system* and 

said control processor controls ttie network interface 
module and the audio/video processor in accord with 
the operating system software loaded in said (gating 
system memoiy, and controls at least some responses to 
the user inputs with the application software. 

39. A device as redted in claim 38 wherein said audio/ 
video processor comprises: 

an audio decoder for decoding compressed, digital audio 
information; 

a video decoder for decoding conqpresscd, digital video 
iitfofmation; and 

a packet demultiplexer for analyzing packet identifiers 
contained in the packets of the standardized format to 
identify packets containing conqressed, digital audio 
information and to route information from ttiose pack- 
ets to the au dio decoder, to identify p&tkexs containing 
contpressed, digital video information and to route 
information from those packets to the video decoder* 
and to identify packets containing operating system 
software and ^^lication software and route software 
from those packets to the control paocessor. 

40. A device as recited in claim 39, wherein: 

the audio decoder comprises an MFBG audio decoder; 
the video decoder comprises an MFCG video decoder; 
and 

the packet demultiplex^ is an MFEG demultiplexer. 

41. Adevice as recited in claim 39, wbcidn said n^ork 
interface module receives an Asynchronous Transfer Mode 
(ATM) cell stream, extracts packets of the standardized 
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format from payloads of ATM cells and supplies the 
extracted packets to the packet demultiplexer. 

4Z A communication system comprising: 

a source*8ystem comprising: 

(a) a program source supplying a broadband program 
signal, 

(b) a software server cyclically outputting a data file 
containing an operating system, and 

(c) an encoder system fcr packetizing the broadband 
program signal and the data file In digital packets of 
a standard format; 

a digital netwcrk broadcasting a plurality of digital broad- 
band channels, said digital network receiving and 
faroadcastiag the digital packets from the encoder sys- 
tem on at least one of tiie channels and transporting an 
application program through at least one digital broad- 
band channel; and 

a plurality of set-top tprmiimi devices* each set-top ter- 
minal device con^prising: 

(1) an hterfacc coupled to the digital network for 
receiving at least a selected one of the channels, 

(2) a program signal processes for processing packets 
containing the broadband program information 
received through the interface. 

(3) an operating system memory, 

(4) a random access memory for storing the application 
program when received through the interface, 

(5) means for receiving inputs from a user, and 

(5) a control processor controlling operations of the 
set-top terminal, 
wherein said control processw captures said operating 
system data file from a selected one of the digital 
iHoadband channels, loads the captured operating sys- 
tem into the memory and t>egins operation in accord 
with the qxrating system loaded into tiie memory, said 
control processor executing the i9)plicatioa program 
from the random access memory and controlling the 
interface and the program signal processor in accord 
with the <^)erating system loaded in said memory and 
controlling at least some responses to user inputs in 
accord with the i^jplication program. 

43. A oommnnicfltion system as recited in claim 42, 
wherein said encoder systemlurther comprises a multiplexer 
for combining the packets containing ^e broadband pro- 
gram information and the packets containing the data file 
into a single stream for broadcast through the netw<xk (m a 
single one of the channels. 

44. A oomnumication system as recited in claim 43, 
wherein said mult^lexer is an Asynchronous lYansfer Mode 
(ATM) nmlt^lexec. 

45. A coDEununication system as recited in daim 44, 
wherein said digital netwoik comprises: 

a first optical fiber receiving the digital packets from the 
encoder system; 

a second optical fiber receiving packets containing broad- 
band program information from another source system; 

a system of optical fibers for broadcasting Ihe digital 
packets from the encoder system on at least a first one 
of the channels and for broadcasting the packets con- 
taining the tvroadband program information from 
another source on at least a second one of the chaimels; 
and 

a plurality of host digital terminals each coupled between 
the system of optical fibers and a group of die set-top 
terminals for routing selected ones of the chaimels to 
set-top tenninals in each grot^). 
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